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ABSTRACT
The c e ll  tra n s fe r  sy stem  d escrib ed  by Paperm aster (1962) w as 
em ployed to  in v e s tig a te  th e  antibody producing ab ility  of c e lls  
derived  from v a rio u s  lym phoid organs of th e  c h ic k en .
Viable c e l l  su sp en s io n s  prepared  from sp le n ic , thym ic and 
b u rsa l t is s u e s  w ere  mixed w ith  h e a t-k il le d  B. abortus c e l ls  and 
tran sfe rred  to  o n e -d a y -o ld  ch ick s  w hich  had  b e en  chem ically  bur­
sectom ized  on th e  12th day of em bryonic l ife . The re c ip ie n ts  w ere 
exsangu ina ted  6 days p o s t- in je c tio n , and th e ir  se ra  w ere  tite re d  for 
agg lu tin in s a g a in s t B_. a b o r tu s . Antibody in  th e  se ra  of rec ip ien t 
ch ick s w as a ssu m ed  to  be of donor o rig in  s in c e  antibody ac tiv ity  w as 
a lw ays absen t from the se ra  of ch ick s in je c te d  w ith  con tro l p repara ­
tio n .
W hile th e  an tibody  producing a c tiv ity  of sp len ic  c e l ls  in  th is  
sy stem  w as confirm ed , b u rsa l c e lls  did not produce antibody  in  the  
re c ip ie n ts . Of g rea te r  in te re s t  w as th e  o b se rv a tio n  th a t thym ic c e l ls  
mixed w ith a n tig en  w ere cap ab le  of sy n th e s iz in g  an tibody . S ig n ifi­
can t antibody t i te r s  w ere dem onstra ted  in  approxim ately  one-fourth  
of th e  re c ip ie n ts  in je c te d  w ith  2 . 0  x  10® thym ic c e lls  m ixed w ith
Q
4 .0  x  10 h e a t-k il le d  b a c te r ia .
Severa l p o s s ib i l i t ie s  might e x p la in  why th is  re sp o n se  lack ed  
c o n s is te n c y . Evidence in d ica tin g  th e  p o ss ib le  e x is te n c e  of a  g raft
v ii
re je c tio n  m echanism  in  th e  bu rsectom ized  ch ick  w as o b ta in e d . A lso , 
th e  an tigen ic  he te rogene ity  of th e  p a rtic ip a tin g  ch ickens w as dem on­
s tra te d  by m eans of a g raft vs host re a c tio n . It w as la te r  determ ined 
th a t a suboptim al number of thym ic c e l ls  may have been  em ployed in  
th e  early  ex perim en ts . W hen the  co n cen tra tio n  of c e lls  w as in c re a se d , 
s ig n ifican t le v e ls  of an tibody  w ere dem onstra ted  in the  se ra  of m ost 
r e c ip ie n ts .
The su c c e s s fu l em ploym ent of thymic c e l ls  from young donors,
33 days o ld , in d ica ted  th a t p o ten tia l antibody producing c e lls  w ere  
p resen t in  th e  thymus re la tiv e ly  ea rly  in  l i f e .  Although th e  orig ins 
and nature of th e  thym ic c e lls  c ap a b le  of sy n th esiz in g  antibody have 
not been  d em o n stra ted , th e  e x is te n c e  of such c e lls  in  th e  avian 
thym us could in d ic a te  th a t the  proposed  d is so c ia tio n  of immune 
m echanism s in  th e  ch ick en  is  more com plex th a n  o rig ina lly  though t.
v iii
INTRODUCTION
In 1954, Bruce G lick  observed  th a t th e  a b ility  to  produce 
c ircu la tin g  antibody in  re sp o n se  to  an tig en ic  stim ula tion-w as m arkedly 
d e p re ssed  in  ch ick en s w hich had b een  su rg ica lly  bursectom ized  early  
in  l i f e . This finding provided th e  f irs t ev idence  tha t th e  developm ent 
of an  immune p ro cess  w as dependent upon the  p resen ce  of a p a rticu la r 
lym phoid o rgan . Shortly th e re a fte r  Szenberg and W arner (1962) dem on­
s tra te d  th a t th e  developm ent of homograft immunity in  th e  ch icken  w as 
a thym ic dependent function  and proceeded  to  p o s tu la te  a d is so c ia tio n  
of immune m echanism s in  th e  c h ick en . A ccordingly, th e  a b ility  to  
produce antibody in  re sp o n se  to  an tig en ic  stim u la tion  w as sa id  to  be 
dependen t upon th e  n eo n a ta l developm ent of th e  bu rsa  of F a b ric iu s , 
w h ile  th e  c e llu la r  immune p ro c e sse s  w ere thym ic d ependen t.
Although the  fu n c tio n a l m echanism  w hereby th e se  "cen tra l"  
lymphoid organs in flu en ce  th e  developm ent of im m unological com ­
p e te n ce  h as  not been  determ ined , W arner and Szenberg (1964) have 
su g g ested  se v e ra l p o s s ib i l i t i e s . T hese organs may se c re te  a hum oral 
su b s ta n c e  w hich s tim u la te s  th e  m aturation of p e riphera l lym phoid 
t is s u e  or may "seed "  such  t is s u e s  w ith  com petent c e l l s .  It is  a ls o  
p o ss ib le  th a t th e  b u rsa  and thym us function  a s  s i te s  w here in  c e lls  
derived  from o th er t i s s u e s  may m ature. Evidence ob ta ined  from 
re c o n s titu tio n  experim ents w ould seem  to  favor th e  f irs t o f th e se
p o s s ib il i t ie s ;  how ever, d e fin ite  proof is  s t i l l  lack in g . Attempts to  
dem onstra te  antibody producing c e lls  in  lym phoid t is s u e  other th an  
sp len ic  t is s u e  have led  to  con flic ting  r e s u l ts .  These s tu d ies  have 
em ployed t is s u e s  or c e lls  ob tained  from im m unized ch ickens and 
although th e  anim als w ere in je c te d  w ith a n tig e n , th e  t is s u e s  
em ployed may not have been  s tim u la te d . For exam ple, the  failu re  
to  dem onstra te  an tibody  production  in  th e  in ta c t mammalian thym us 
has been  a sc rib e d  to  the  e x is te n c e  of a "b lood-thym us" barrier 
which in te rfe re s  w ith  th e  p en e tra tio n  of an tig en  in to  thym ic t i s s u e .
If such b a rrie rs  w ere p resen t in  th e  "cen tra l"  lymphoid organs of the  
ch ick en , a ttem pts to  dem onstrate  an tibody producing c e lls  by th e  
methods em ployed in  p revious s tu d ies  w ould have l i t t le  opportunity  
to  su c c e e d .
In th e  p resen t in v e s tig a tio n  the  e x is te n c e  of com petent or 
p o ten tia l antibody forming c e l ls  in  various lymphoid organs w as 
stud ied  by  m eans of a  c e ll  tra n s fe r  sy s tem . Lymphoid c e lls  from a 
sing le  o rgan  w ere m ixed w ith an tigen  in  v itro  and tran sfe rred  to  an  
im m unologically incom peten t re c ip ie n t. The appearance  of an tibody  
in  the  serum  of th e  rec ip ie n t ch icken  in d ic a te d  the  immune c ap ib ility  
of the  tran sfe rred  c e l l  pop u la tio n .
REVIEW OF LITERATURE
As ea rly  as 1907, Rywosch reported  th a t th e  em bryonic and 
young ch ick  did not respond  to  an tig en ic  s tim u la tion  w ith  E scherich ia  
c o li .  M oll (1908) reported  th a t young rab b its  w ere  m arkedly d e f i­
c ien t in  th e ir  ab ility  to  produce antibody to  cho le ra  v acc in e  and ho rse  
serum , and Freund (1930) observed  th a t n eo n ata l rab b its  responded  
poorly to  th e  f la g e lla te  an tig en s of g ram -negative  b a c te r ia . Further 
s tu d ies  confirm ing and extending th e se  o b se rv a tio n s on th e  immuno­
lo g ica l d e fic ien cy  of th e  very young anim al to  produce antibody in 
re sp o n se  to  an tigen ic  stim u la tion  have been  rev iew ed  by W ilso n  and 
M iles (1955), Good and Paperm aster (1964), and  Smith and Eitzm an
(1964).
E xpressions of immunity o ther th an  th e  production  of an tibody , 
e . g . , r e s is ta n c e  to  in fec tio n , homograft re a c tio n , and de layed  h y per­
s e n s i t iv i ty ,  are u su a lly  ab sen t during em bryonic l i f e ,  but may be 
p resen t to  some ex ten t a t the  tim e of birth  or h a tc h in g . The ontogeny 
of c e llu la r  immunity h a s  been  rev iew ed  by Ebert and  D elanney (1960), 
C h ase  (1959), and Good and P aperm aster (1964).
In  a n  a ttem pt to  exp la in  th e  in a b ility  of young rab b its  to  
sy n th e s iz e  an tibody , D ixon and W eig le  (1957) tran s fe rred  sp le n ic  
c e l ls  from a n tig en ic a lly  stim u la ted  ad u lt rab b its  to  X -irrad ia ted  adu lt 
and norm al n eo n ata l r e c ip ie n ts . W hile  s ig n ifican t le v e ls  of an tibody
appeared  in  th e  se ra  of a d u lt r e c ip ie n ts , l i t t le  or no antibody w as 
found in  th e  s e ra  of the  n eo n a ta l r e c ip ie n ts .  These au tho rs concluded  
th a t th e  n eo n ata l environm ent w as not adequa te  to  support antibody 
fo rm atio n .
W hile th e s e  re su lts  w ere confirm ed in  ra ts  by 'N os s a l  (1959) 
and  in  rabb its  by  Sparek (1959), con flic ting  ev idence  w as reported  
by Trinka (1958) who o b se rv ed  th a t ad u lt ch ick en  sp len ic  c e lls  pro­
duced  antibody w hen  in je c te d  in to  young c h ic k e n s . According to  
C ochrane  and D ixon (1962), S te rz l had  su g g ested  th a t th e  apparent 
d e fic ien cy  in  th e  environm ent provided by th e  neonata l rabb it w as due 
to  th e  re je c tio n  o f donor c e l l s .  Trinka and Riha (1959) found 18-day 
em bryos to  be b e tte r  re c ip ie n ts  th an  2 -day -o ld  c h ic k s .
O ther r e p o r ts , rev iew ed  by Good and Paperm aster (1964) tend  
to  support the co n cep t th a t  the  n eo n a ta l environm ent is  cap ab le  of 
supporting  an tibody  production; how ever, th e  degree  of e ffic ien cy  
may be som ew hat le s s  th a n  th a t s e e n  in  an  adu lt environm ent.
The p o s s ib ili ty  th a t  th e  im m unological d e fic ien cy  of the  
n e o n a ta l anim al w as due to  the  a b se n c e  of im m unologically  com pe­
te n t  c e lls  w as s tu d ied  by H arris e t  a l .  (1962). I t w as show n th a t  
n eo n a ta l rabb it c e l ls  s tim u la ted  w ith  an tig en  in  v itro  and tran sfe rred  
to  irrad ia ted  a d u lt re c ip ie n ts  produced le s s  an tibody  th an  did  an equal 
num ber of adu lt c e l l s .  M akinodan an d  P e te rso n  (1962) observed  th a t  
sp le n ic  c e lls  o f o n e -w ee k -o ld  m ice w ere m arkedly d e fic ien t in  th e ir
a b ility  to  sy n th e s ize  antibody in  ad u lt r e c ip ie n ts . As th e  mice a g ed , 
th e ir  sp len ic  c e lls  dem onstra ted  an  in c re a s in g  antibody producing 
c ap a b ility  through the f irs t y ear o f l i f e .
T h u s , it  w ould appear from th e s e  s tu d ie s  th a t th e  im m unological 
inadequacy  of th e  young anim al i s  more c lo se ly  re la te d  to  th e  immuno­
lo g ic a l p o ten tia ls  of the  c o n s titu en t c e lls  ra th e r th an  th e  environm ent 
provided for th e se  c e l l s .
A second problem  in tim ate ly  re la te d  to  th e  im m unological d e f i­
c ie n c ie s  of the  young anim al concerns the  ev en ts  w hich govern th e  
tra n s itio n  from a s ta te  of incom petence  to  one of com petence . U ntil 
r e c e n tly , a ll th a t had  been  determ ined w as th a t th e  a tta inm ent of 
im m unological com petency co rre la ted  w e ll w ith  th e  m aturation of host 
lymphoid t is s u e  (Bridges e t_ a l . , 1959).
In  1954, G llck , who w as studying  a re la tio n sh ip  be tw een  gonad 
m aturation and th e  invo lu tion  of th e  b u rsa  of F a b r ic iu s , designed  
experim ents w here in  bursectom y w as perform ed on ch ick en s 2 , 12 , 19, 
or 26 days of a g e . Animals deprived  of th e ir  b u rsa  during or prior to  
th e  period  of m axim al b u rsa l developm ent w ere  su b seq u en tly  found to  
be  in cap ab le  of producing an tibody  in  re sp o n se  to  ch a llen g e  w ith  th e  
som atic  an tig en  of Salm onella  typhim urium  (G lick , 1955). This 
experim ent not only provided th e  f ir s t  ev id en ce  for th e  function  of th e  
bu rsa  of F a b ric iu s , but of much g re a te r  im p o rtan ce , i t  in d ic a te d  th a t
th e  a tta inm en t of im m unological com petence w as dependent upon the  
normal developm ent of a p a rticu la r lymphoid o rgan .
C hang e t a l .  (1957) repo rted  th a t bursectom y a t 2 or 5 w eek s  of 
age  w as e ffec tiv e  in  inh ib iting  antibody production  a t 12 w eeks of a g e . 
H ow ever, bursectom y a t 10 w eeks of age did  not in fluence  th e  re sp o n se  
of 2 0 -w eek -o ld  c h ic k e n s .
M ueller e t a l .  (1960) using  bovine serum  album in a s  an  an tig en  
a lso  dem onstra ted  th a t bursectom y w as e ffec tiv e  only w hen it  w as p e r­
formed early  in  l i f e .  On th e  b a s is  of th is  fin d in g , th e s e  au thors su g ­
g e s te d  th a t th e  bu rsa  of F abricius must provide a c e ll  type  or some 
su b c e llu la r product w hich m igrates to  periphera l lym phoid a re a s  prior 
to  perform ing i ts  func tion .
Rao e t a l .  (1958) and M eyer et a l .  (1959) dem onstra ted  th a t th e  
em bryonic developm ent of th e  b u rsa  cou ld  be preven ted  by th e  in je c tio n  
of c e r ta in  s te ro id s  in to  em bryonated eggs on th e  fifth  day of in cu b a tio n .
M ueller e t a l .  (1960) w ere th e  firs t to  study an tibody  form ation 
in  ch ick en s w hich had  b een  in je c te d  w ith 1 9 -n o rtes to s te ro n e  on the  
fifth  day of em bryonic l i f e .  They observed  th a t th e  im m unosuppressive 
e ffec t of th e  horm onal trea tm en t w as more pronounced and longer 
la s tin g  th an  cou ld  be  ach iev ed  by su rg ica l m ea n s .
S zenberg  and W arner (1962) confirm ed th is  o b se rv a tio n  but noted  
th a t m ost of th e  b ird s w hich w ere  unable to  sy n th e s iz e  c ircu la tin g  
antibody  did p o s s e s s  a  norm al a b ility  to  re je c t  hom ografts.
A pproxim ately 30 per cen t of the  ch ick s ha tch ing  from eggs tre a te d  
w ith  2 to  4 mg te s to s te ro n e  propionate  on em bryonic day 12 dem on­
s tra ted  som e degree  of thym ic a trophy . The sm all number of ch ick s 
w ith  com plete  c o rtic a l atrophy d iffered  from th e ir  b u rsa le s s  co u n te r­
p a rts  p o s s e s s in g  a  normal thym us by th e  fac t th a t th ey  w ere unable to  
re je c t sk in  g ra f ts .
On th e  b a s is  of th e s e  re s u lts  Szenberg and W arner (1962) and 
W arner e t a l .  (1962) p o stu la ted  a  d is so c ia tio n  of immune m echanism s 
in  th e  c h ic k en . The a b ility  to  sy n th e s iz e  antibody in  re sp o n se  to  
an tig en ic  stim u la tion  w as dependent upon th e  normal developm ent of 
th e  bursa  of F abric iu s; w h e re a s , c e llu la r  immunity a s  ty p ified  by the  
hom ograft rea c tio n  w as a  thym us dependent fu n c tio n . T hese authors 
s ta te d  th a t de layed  type  h y p e rsen s itiv ity  w as a lso  a bursa dependent 
fu n c tio n , but th is  has not been  g en era lly  a c c e p te d .
S evera l ad d itio n a l repo rts  have supported  th e  W arner-S zenberg  
h y p o th e s is . A spinall e t a l .  (1963) confirm ed th a t thym ectom y of the 
neonata l ch ick  in h ib ited  th e  re je c tio n  of sk in  g ra f ts . Bursectom y had 
no effect on g raft re je c tio n  tim e . G rae tze r et a l .  (1963) dem onstra ted  
th a t both  n a tu ra l hem agglu tin in  and immune p rec ip itin  t i te rs  w ere  
d ra s tic a lly  reduced  or a b sen t in  bu rsectom ized  c h ic k e n s . In  c o n tra s t , 
n eona ta l thym ectom y had l i t t le  e ffec t on th e  immune re sp o n se  to  
bovine serum  album in and  fa iled  to  in flu en ce  th e  developm ent of 
n a tu ra l an tibody  to  rabb it e ry th ro c y te s .
Jankovic  and Isv a n esk i (1963) observed  th a t bursectom ized  and 
normal c h ick en s  developed  tu b ercu lin  h y p e rsen s itiv ity  and a lle rg ic  
e n c e p h a litis  follow ing rep ea ted  in je c tio n  w ith nerve cord e x tra c t in  
F reund 's ad ju v an t. N either exam ple of de layed  type  h y p e rsen s itiv ity  
could  be induced  in  thym ectom ized c h ic k e n s .
A m orphological b a s is  for sep a ra tio n  of b u rsa l and thym ic func­
tio n s  w as d escrib ed  by C ooper e t a l .  (1965). This d e lin ea tio n  w as 
b ased  on changes in  th e  h isto logy  of th e  sp leen  accom panying b u r­
sectom y or thym ectom y in  con junction  w ith  irrad ia tio n .
The sp le e n , a p e riphera l lym phoid o rgan , i s  com posed of two 
d is tin c t ty p e s  of lym phoid t i s s u e .  One of th e s e ,  th e  s o -c a lle d  w hite  
pu lp , is  c h a ra c te r is tic a lly  a  shea th  of la rge  and sm all lym phocytes 
and re tic u la r  c e lls  surrounding the  sm all sp le n ic  a r te r ie s .  The second  
type of sp le n ic  lym phoid t is s u e  i s  com posed of ova l lym phoid fo llic le s  
w hich may be en c lo se d  by a th in  fibrous m em brane. C e lls  in  th is  
t is s u e  dem onstra te  cy top lasm ic  py ro n in o p h ilia .
W hen neonata l bursectom y or thym ectom y w as com bined w ith  high 
le v e ls  of to ta l  body X -irrad ia tio n , c h a ra c te r is tic  changes in  sp le n ic  
morphology o ccu rred . The po in t w as m ade th a t ex tirp a tio n  of e ith e r  
organ a lo n e  d id  not rem ove p eriphera l c e l ls  w hich may have developed  
under th e  in flu en ce  of one of th e s e  organs or m igrated from them  prior 
to  su rg e ry . The e ffe c t of th e  ir ra d ia tio n , w hich d id  not a lte r  th e
im m unological c a p a b ilitie s  of o th erw ise  norm al c h ic k e p s , w as thought 
to  d estro y  th e s e  p eriphera l c e l l s .
The sp le e n s  of bu rsectom ized  and irrad ia ted  ch ick en s w ere found 
to  be  void  of both th e  fo llicu la r ty p e  of lym phoid t is s u e  and p lasm a 
c e l l s .  Thym ectom ized and irrad ia ted  ch ick en s lacked  sp le n ic  w h ite  
p u lp . Furtherm ore, th ey  produced le s s  an tibody  th an  norm al irrad ia ted  
ch ick en s s tim u la ted  w ith  a n tig e n s . C hicks w hich w ere  thym ectom ized, 
b u rsec to m ized , and irrad ia ted  la c k e d  both ty p es  of sp le n ic  lym phoid 
t is s u e s  and w ere  d e fic ien t in  bo th  gamma G and gamma M immuno­
g lobu lin s .
On th e  b a s is  of th e se  f in d in g s , a functional d e lin ea tio n  of b u rsa -  
dependen t and  thym us-dependen t t is s u e s  w as p roposed . C e lls  d ep en ­
den t upon th e  p re se n c e  of the  em bryonic and neonata l thym us and bursa  
of F ab ric iu s develop  in  th e  p e rip h e ra l lym phoid t i s s u e s . Thym us-  
dependen t c e l ls  a re  re sp o n sib le  for the  recogn ition  of fo re ig n n e ss , 
w h ile  burs a -d e p en d e n t c e lls  a re  th e  e ffec to rs of gamma g lobu lin  
sy n th e s is  a s  w e ll a s  antibody p roduction .
More re c e n tly . Cooper e t a l .  (1966) have  provided an  ex te n s iv e  
c h a ra c te r iz a tio n  o f th e  e ffec ts  o f bursectom y and thym ectom y coupled  
w ith  X -irrad ia tio n  on th e  developm ent of im m unological c o m p e te n c ie s . 
In. sum m ary, th e  dependency of c e llu la r  re sp o n se s  inc lud ing  d e lay ed  
h y p e rse n s itiv ity  upon the thym us and hum oral re sp o n se s  upon th e  b u rsa  
w ere  con firm ed . None of th e  trea tm en ts  em ployed a ffe c te d  th e
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re ticu lo en d o th e lia l system  a s  in d ic a te d  by the  norm al ra te  of c le a ra n ce  
of co llo id a l gold and keyhole  lim pet hem ocyanin .
Now th a t th e  functions of th e  two cen tra l lym phoid organs of the  
ch icken  have b een  te n ta tiv e ly  e s ta b lis h e d , q u e s tio n s  a rise  concerning  
th e  m echanism s by w hich th e se  functions a re  acco m p lish ed . As su g ­
g e s ted  by W arner (1964), i t  is  p o ss ib le  th a t the  thym us and b u rsa  may 
"seed" pe riphera l lym phoid t is s u e  w ith com petent c e l ls  or ac t a s  s i te s  
w herein  c e ll  m aturation  may ta k e  p la c e . It is  a lso  p o ss ib le  th a t th e se  
organs may se c re te  a hum oral fac to r n e c e ssa ry  for th e  m aturation of 
peripheral lymphoid t i s s u e .  A vailable ev idence  w ould tend  to  support 
the  la t te r  h y p o th e s is .
G lick  (1960) observed  th a t bursectom ized  c h ick en s  in je c te d  w ith 
e x tra c ts  of bursa  w ere  capab le  of responding to  an tig en ic  stim u la tion  
w ith  the  production  of low le v e ls  of c ircu la tin g  an tib o d y . More 
recen tly  Jankovic and Leskow itz (1965) and S t. P ierre  and Ackerman
(1965) re c o n s titu te d  bu rsectom ized  ch ick en s  w ith b u rsa l g rafts en c lo sed  
in  c e ll  im perm eable ch am b ers . It is  of in te re s t  to  no te  th a t th e s e  
au thors em ployed a n tig en ic  s tim u la tion  shortly  a fte r  th e  im plan ta tion  
of g raft con tain ing  cham bers w as  accom p lished . W hen th is  in je c tio n  
of an tig en  w as de lay ed  for some tim e a fte r  the  graft w as m ade, rec o n ­
s titu tio n  w as not a ffec ted  (G lick , p e rso n al com m unication; S to u t, 1966). 
This w ould in d ic a te  th a t reco n s titu tio n  may occur only in  th e  p resen ce  
of a n tig e n .
C ooper e t a l .  (1965) su g g e s te d  th a t th e  requirem ent for ir ra d ia ­
tio n  to  com plete ly  b lock  th e  b u rsa l and thym ic a c tiv it ie s  could  be 
tak en  a s  in d ire c t support for a  seed ing  m echanism . Furtherm ore, 
accord ing  to  C ooper e t a l .  (1966), reco n s titu tio n  of gamma g lobu lin  
production  w as ach iev ed  in  b u rsec to m ized , irrad ia ted  (agam m a- 
globulinem ic) ch ick en s w ith au to logous b u rsa l c e ll  su sp en s io n s ; 
how ever, w hen th e se  ch ick en s w ere  la te r  in je c te d  w ith bovine serum  
album in and  B_. abortus o rg an ism s , they  fa ile d  to  sy n th e s iz e  an tibody 
to  e ith e r  an tig en .
According to  P ie rce  e t a l-  (1966), W oods and Linn have ob tained  
ev idence  w hich supports th e  seed ing  m echanism . The view  th a t p re ­
cu rso rs  o f an tibody producing c e l ls  stem  from th e  b u rsa  " . . .  is  
supported  by re s u lts  showing th e  tran spo rt of bursa  c e l l s ,  la b e lle d  
w ith  tr it ia te d  thym id ine, from th e  bu rsa  to  th e  sp le en  and thym us (Wood 
and Linn, 1965)."
In 1965 , Dent and Good in v e s tig a te d  th e  a b ility  of c e l ls  derived  
from v arious lymphoid organs to  sy n th e s iz e  antibody ag a in s t sheep  
e ry th ro c y te s . Although an tibody  form ation by sp le n ic  c e lls  w as 
read ily  d em o n stra ted , th e s e  au tho rs concluded  th a t b u rsa l and thym ic 
c e lls  did not form an tib o d y . It i s  p o ss ib le  th a t th e s e  find ings w ere  th e  
re su lt  of th e  experim en tal approach  w hich w as u til iz e d . Lymphoid 
c e lls  w ere  ob ta ined  from th e  t i s s u e s  of im m unized ch ick en s  and te s te d  
for th e ir  a b ility  to  produce an tibody  by th e  m ethods of Jerne (1963)
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and Z aalberg  (1964). Both of th e se  procedures d e te c t c e l ls  w hich have 
a lread y  been  com m itted to  a c tiv e  an tibody sy n th e s is  a t th e  tim e of 
te s t in g .  S ince  M arsha ll and  W hite (1961) have p rev iously  dem onstrated  
th a t an tig en s w ere excluded  from th e  parenchym a of the  mammalian 
thym us due to  th e  p o ss ib le  e x is te n ce  of a  b lood-thym us b a rr ie r , i t  
w as a lso  p o ss ib le  th a t a  sim ilar b a rrie r  may have  e x is te d  in  th e  cen tra l 
lym phoid t i s s u e  of the  c h ic k en . T hus, in je c te d  an tigen  w ould not 
reach  com petent c e l ls  in  th e s e  t is s u e s  and one w ould fa ls e ly  conclude 
th a t such c e lls  w ere  a b sen t from th e s e  cen tra l lym phoid organs of the  
c h ic k en .
In sum m ary, im m unological com petence in  th e  ch icken  is  
dependen t upon th e  norm al developm ent of th e  b u rsa  of F ab ric iu s and 
th e  thym us. Although a d is so c ia tio n  in  the  immune m echanism s of the 
ch ick en  has been  e s ta b l is h e d , it  h as  not been  p o ss ib le  to  determ ine 
th e  manner by w hich th e s e  organs fu n c tio n . Such an understand ing  
w ould  be  m ost u se fu l in  exp lain ing  th e  tra n s itio n  from early  incom ­
p e ten ce  to  im m unological m aturity .
MATERIALS AND METHODS
A. C hickens and Eggs
Source
S ince inbred  lin e s  of ch ickens com parable to  inbred s tra in s  of 
m ice w ere not rea d ily  o b ta in a b le , fe r ti le  eggs from th ree  d iffe ren t 
lin e s  of W hite Leghorn c h ick en s were em ployed in  th e  p re sen t in v e s ti ­
g a tio n . Line d e s ig n a tio n s  and egg so u rces  have been  l is te d  in  Table 1.
The C ornell Randombred line  w as e s ta b lis h e d  a s  a con tro l pop­
u la tio n  for the  purpose of m inim izing g e n e tic  d rift w hile includ ing  
and m aintain ing  a s  many W hite  Leghorn c h a ra c te r is tic s  a s  p o ss ib le  
in a s in g le  line  (King e t a l . , 1959). The "Dam" and Id ea l lin e s  were 
com m ercial egg producing s to c k s , e s ta b lis h e d  by b reeder se le c tio n  
w hich w ere accom plished  on the  b a s is  of egg production  (W. I . 
Johnson , p e rso n a l com m unication).
In th e  follow ing in v e s tig a tio n , a v a ila b ili ty  w as the  m ajor fac to r 
w hich in fluenced  th e  cho ice  of donors or rec ip ie n ts  of a  p a rticu la r 
line  for u se  in  a g iven  experim en t.
H andling and M ain tenance
Eggs pu rchased  from Purdue U n iv ers ity  w ere sh ipped  to  Baton 
Rouge v ia  a ir  f re ig h t. Upon a rriv a l th e  eggs w ere im m ediate ly  p laced  
in  a  M odel 252 Jam esw ay Autom atic in cu b a to r (Jam es M anufacturing
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Table 1. Line D esig n a tio n s and Sources of F ertile  Eggs
Line
D esignation Source
C ornell Randombred North C entra l Regional 
Poultry  Breeding Project 
Purdue U n iversity  
L afay e tte , Indiana
Poultry  S c ience  D epartm ent 
L ouisiana S ta te  U n iv ers ity  
Baton Rouge, L ouisiana
"Dam" North C en tra l Regional 
Poultry  Breeding Project 
Purdue U n ivers ity  
L afay e tte , Indiana
Id ea l Poultry  S cience D epartm ent 
L ou isiana  S ta te  U n ivers ity  
Baton Rouge, Louisiana
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Com pany, Los A nge les, C aliforn ia) s e t  a t 100 F w ith a re la tiv e  
hum idity of 8 6  per c e n t. Eggs were turned  12 tim es d a ily  for the 
f ir s t  18 days of incuba tion  and then  tran sfe rred  to  s ta tio n a ry  w ire 
b a sk e ts  in  th e  sam e in cu b a to r where th ey  rem ained u n til  h a tch in g .
Eggs ob ta ined  from the  D epartm ent of Poultry S c ien c e , L. S . U . ,  
w ere sto red  a t  10 C u n til adequa te  num bers had been  c o lle c te d . The 
eggs were then  tre a te d  in  th e  sam e m anner d esc rib ed  a b o v e . Eggs 
ob ta ined  from the  L. S . U . D epartm ent of Poultry  S c ience  were never 
s to red  for more th an  10 days prior to  s e t tin g . H atched  ch icks were 
rem oved from the incubato r 22 days a fte r  th e  eggs had  been s e t .  Each 
anim al w as id en tified  by a num bered wing band (N ational Band and Tag, 
Com pany, New P ort, Kentucky) in se r te d  through th e  w eb of the  righ t 
w ing . The tag g ed  ch ick s w ere p laced  in  five  deck  b a tte ry  brooders 
equipped w ith  th e rm o sta tic a lly  con tro lled  e le c tr ic  h e a te rs  and ra is e d  
w ire floors w ith  m etal dropping pans (Oaks M anufacturing Com pany, 
T ip ton , In d ian a ). T w enty-one per cen t s ta rtin g  ch ick  ra tion  
(D epartm ent of Poultry S c ie n c e , L. S . U .) and w ater w ere supp lied  
ad l ib .  Four to  s ix  w eeks la te r , th e  surv iv ing  ch ick en s w ere t r a n s ­
ferred  to  four deck  fin ish ing  b a tte r ie s  w ith ra is e d  w ire floors and m etal 
dropping p a n s .
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B. S o lu tions and R eagents
Saline
A 0 .8 5  per cen t sodium  ch lo ride  so lu tion  w as prepared by d is ­
so lv ing  8 . 5 gm of sodium  ch lo ride  in  500 ml of d is t i l le d  w ater and 
adding  enough d is t i l le d  w ater to  y ie ld  a volum e of 1 .0  l i te r .  The 
sa lin e  w as th en  d is tr ib u ted  in  4 oz p resc rip tio n  b o tt le s ,  100 ml per 
b o ttle , and au to c lav ed  a t 121 C for 15 m inu tes. S te rile  s a l in e , 
he reafte r referred  to  a s  s a l in e , w as s to red  a t room tem pera tu re .
Phosphate  Buffered S a lt Solution
Phosphate  buffered s a l t  so lu tion  (PBS) w as prepared  accord ing  
to  D uelbecco  and Vogt (1954). The b a s ic  s a l t  so lu tio n s  l is te d  in 
Table 2 w ere prepared  se p a ra te ly  and s te r il iz e d  a t  121 C for 20 
m in u tes . S o lu tions B and C w ere mixed w ith  so lu tio n  A and th e  fina l 
volum e w as th en  a d ju s te d  to  1 . 0  l i te r  w ith  s te r ile  d is t il le d  w a te r.
Phosphate  buffered s a l t  so lu tio n  w ith  album in w as p repared  a s  
fo llow s: A volum e of 11 .4  ml of Albumin Bovine F raction  V, 35 per 
c e n t s te r ile  so lu tio n  (N utritional B iochem icals C orporation , C lev e lan d , 
O h io ), w as added  to  the  m ixture of so lu tio n s  A, B, and C (Table 2), 
and th e  volum e w as a d ju s te d  to  1 . 0  l i te r  w ith  s te r ile  d is t i l le d  w a te r. 
The f in a l so lu tio n  (pH 7 .3  t  0 .1 ) ,  h e rea fte r  refe rred  to  a s  PBSA, con­
ta in ed  0 .4  per c en t Bovine Serum Albumin to  " s ta b il iz e ” c e l ls  a s  
recom m ended by P h illip s  and Andrews (1959). The PBSA w as
Table 2 . Phosphate  Buffered S a lt Solution
Solu tion  A Solution B
N aCl 8 .0 0  g CaClo 0 .1 0  g
KC1 0 .2 0  g H20  (d is tilled ) 100 ml
N a2 H P04 1 .15  g
KH2P 0 4  0 .2 0  g
H20  (d is tilled ) 750 ml
Solution  C
M gCl2 *6H20  0 .1 0  g
H2 0  (d is tilled ) 100  ml
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d is tr ib u te d  in  100 ml volum es in  s te r ile  4 oz p resc rip tio n  b o ttle s  and 
sto red  a t  4 C ,
Erythrosin  B Solution
The ery th ro sin  B sto ck  s to lu tio n  w as prepared  a s  d e sc rib ed  by 
P h illip s  and Terryberry (1957). The in g red ien ts  in  the  order l is te d  in 
Table 3 w ere d isso lv e d  in  85 ml d is t i l le d  w a ter con ta ined  in  a  100 ml 
vo lum etric  f la s k . The fin a l volum e w as a d ju s te d  to  100 ml w ith d is ­
t i l le d  w ater and the so lu tio n  w as sto red  a t 4 C u n til n e e d e d .
T esto ste ro n e  propionate
A w eighed amount of te s to s te ro n e  p ro p io n ate , U . S . P . (C alb io - ■ 
chem , Los A n g e les , C alifo rn ia) w as p laced  in  a screw  capped v ia l .  
M azola com  o i l ,  1 ml per 40 mg of te s to s te ro n e  propionate  w as then  
added to  the  v ia l,a n d  th e  re su ltin g  so lu tion  w as h ea ted  to  170 C in  a 
hot a ir  oven . The oven w as tu rned  off and th e  v ia l  w as a llow ed  to  cool 
in  th e  c lo sed  oven .
C . C ell T ransfer System
The c e l l  tran s fe r  system  em ployed w as sim ila r to  th a t d e sc rib ed  
by Paperm aster e t  a l . (1962).
A ntigens
Brucella abo rtus s tra in  19 v a cc in e  (C olorado Serum Com pany, 
D enver, Colorado) w as k ind ly  su p p lied  by D r. R. R. W allace  o f the
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Table 3 . E rythrosin  B Stock Solution
Na2 HPC>4 31 mg
G lucose  200 mg
E rythrosin  B 400 mg
(C ertified  for h is to lo g ic a l 
use)
H2 O to  100  ml
NaCl 842 mg
KC1 30 mg
MgS0 4 *7 H2 0  25 mg
NaH2 P0 4 *H2 0  4 mg
CaClo 12 mg
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D epartm ent of V eterinary S c ie n c e . A second  p repara tion  of th e  sam e 
v a cc in e  w as fu rn ished  by th e  L ouisiana D iag n o stic  L ab o ra to ries , 
'D iag n o stic  S e rv ic e s , N , A. D . L . ,  U . S . D . A .,  Baton Rouge,
L o u is ia n a .
The v a c c in e s  con ta in ing  v iab le  b a c te ria  w ere ob ta ined  in  se a le d  
serum  b o t t le s .  A sm all sam ple from e ac h  lo t w as added to  an equal 
volum e of 0 .85  per c e n t s a l in e  contain ing  0 .6  per cen t fo rm alin .
Total b a c te r ia l  coun ts w ere th en  m ade on th e  form alin ized  su sp en ­
s io n s  w ith th e  a id  of a P e tro ff-H au sse r counting  cham ber (C . A. H au sser 
and Son, P h ilad e lp h ia , Pennsy lvan ia) acco rd ing  to  th e  d irec tio n s  
d e sc rib ed  in  the  accom panying b rochu re . The rem aining q u a n titie s  of 
v a cc in e  w ere h ea ted  in  a boiling w ater bath  for one hour. C e ll su sp e n ­
s io n s  hav ing  the  sam e lo t number w ere pooled  and cen trifuged  a t
10 ,000  rpm for 10 m inutes a t  4 C in  a  Sorvall RC-2 cen trifuge  (Ivan 
S o rv a ll, In co rp o ra ted , N orw alk , C o n n ec ticu t). The su p e rn a tan t flu id  
w as d isc a rd e d  and the  c e l ls  w ere re su sp en d ed  in  s te r ile  sa lin e  and 
cen trifuged  a  second  tim e a s  ab o v e . The c e l ls  w ere w ashed  th ree  
tim es in  th is  m anner. After th e  th ird  w ash in g , the  p e lle t w as r e s u s ­
pended in  a su ffic ie n t volum e of s te r ile  PBSA to  g ive a f in a l co n cen tra ­
tio n  of 1 .0  x  1 0 b a c te r ia  per m l. This su sp e n s io n  w as then  kept a t  
4 C u n til  n e ed e d . Prior to  u se  a  sm all portion  of e ac h  su sp en s io n  w as 
s tre ak e d  on the  su rface  of b ra in -heart in fu sio n  ag ar to  be c e r ta in  th a t 
v iab le  b ru ce lla  w ere no t p re s e n t.
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R ecip ien ts
Bursectom ized re c ip ie n ts . Hormonal bursectom y w as accom plished  
by a m ethod sim ila r to  th a t d e sc rib ed  by Szenberg and W arner (1962). 
T w elv e -d ay -o ld  em bryos w ere prepared  for in je c tio n  in to  th e  a llan to ic  
c av ity  a s  d esc rib ed  by W eindanz (1961). After th e  ex p o sed  sh e ll  
membrane had been sw abbed w ith  iod ine  tin ted  a c e to n e , 0 .1  ml of the  
te s to s te ro n e  propionate so lu tion  d e sc rib e d  above w as in je c te d  in to  the  
a lla n to ic  cav ity  w ith  th e  a id  of a 27 g au g e , 1 /2  inch  n eed le  affixed  to  
a  1 .0  ml tubercu lin  sy rin g e . The punctu res in  th e  egg s h e ll  w ere th en  
s e a le d  w ith  hot paraffin  w ax . The eggs w ere retu rned  to  th e  incubato r 
and a llow ed to  h a tc h . B ursectom ized ch ick s 12-24 hours old w ere 
em ployed a s  rec ip ie n ts  for th e  t e s t  p repara tions c o n s is tin g  of lymphoid 
c e lls  w ith  and  w ithout a n tig en , h ea ted  lym phoid c e lls  w ith  a n tig en , 
a n tig e n , or PBSA. All in je c tio n s  (0 .1  to  0 .5  ml) w ere m ade in to  the 
p e rito n ea l c av ity  w ith  the  a id  of a  27 g au g e , 1 /2  inch  n eed le  affixed  
to  a tubercu lin  sy rin g e . After trea tm e n t, a l l  ch ick en s rece iv ed  an  
in tram uscu lar in je c tio n  of 0 .1  ml of a  su sp en s io n  of a n tib io tic s  co n ­
ta in in g  1 ,000  u n its  of p rocaine p e n ic illin  G and 1 .25  mg of d ihydro­
strep tom ycin  su lfa te  (G u lfb io tic ). The c h ick s  w ere th en  m aintained  
a s  p rev io u sly  d escrib ed  for 6 day s a t w hich tim e they  w ere 
ex san g u in a ted  by ca rd iac  puncture or d e c a p ita tio n . The c o lle c tio n  
and sto rage  of serum  w ill be tre a te d  in  a  la te r  se c tio n .
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Embryonic r e c ip ie n ts . E igh teen-day-61d  em bryos were prepared 
for in travenous in je c tio n  a s  d e sc rib ed  by Barnes and Ju lian  (1958).
The in je c tio n  of various t e s t  m ateria ls  w as made in to  an exposed  
a lla n to ic  v e in  w ith  the a id  of a  bent 27 gauge , 1/2  inch  need le  
a ffix ed  to  a 1 .0  ml tubercu lin  sy rin g e . A volum e of 0 .1  ml of te s t  
m ate ria l w as th en  in je c te d  in to  each  e g g . Bleeding w as stopped  by 
th e  ap p lica tio n  of a s te r ile  gauze com press for approxim ately  one 
m inu te . The in je c te d  eggs w ere p laced  in  ped igree  b a sk e ts  and 
re tu rned  to  th e  in c u b a to r . Six days la te r  the surviving ch icks w hich 
had ha tched  w ere b led a s  d e sc rib ed  above .
R ecip ien ts of M illipore C ham bers. The v en tra l down w as 
rem oved from th e  abdomen of a  o n e -d a y -o ld  bursectom ized rec ip ien t 
w ith  the a id  of e le c tr ic  c lip p e rs . The ch ick  w as th en  a n es th e tiz ed  
w ith  e th e r , and  an  in c is io n , approxim ately  two cen tim eters  in  len g th , 
w as made betw een  the  p o ste rio r tip  of the  k e e l and the  v e n t. A 
M illipore  cham ber w as th en  in s e r te d  in to  t^ie p e rito n ea l c a v ity .
The wound w as repa ired  w ith co tton  or gut su ture m a te ria l. The 
c h ic k s  were th en  in je c te d  w ith  a n tib io tic s  and  handled  a s  ab o v e .
Donor C e ll P repara tion
P u lle ts , w hich w ere em ployed a s  t is s u e  d o no rs, w ere sta rved  
overn igh t and th en  k illed  by a ir  em bolism . This w as accom plished  
by in je c tin g  5 ml of a ir  d irec tly  in to  th e  h e a r t . Lymphoid o rg an s ,
sp le e n , thym us, a n d /o r  bursa  of F a b ric iu s , were rap id ly  rem oved from 
the c a rc a s s  by sim ple d is s e c tio n . The anatom ical lo ca tio n  of the  
la tte r  two o rgans is  show n in  F igures 1 and  2 . Figure 3 h as been  
included  to  dem onstra te  the  re la tiv e  s iz e  and shape of the  th ree  
organs a s  se en  in a  7 -w eek -o ld  p u lle t. E xtirpated  organs w ere 
p laced  in s te r ile  p e tri d ish e s  e ach  con ta in ing  a 40 m esh s ta in le s s  
s te e l sc reen  and e igh t ml of co ld  PBSA. Each organ w as trimmed of 
ex ce ss  fa t and gen tly  sc rap ed  a g a in s t th e  w ire sc reen  u n til the  
in teg rity  o f th e  t is s u e  had been  d e s tro y e d . The re su ltin g  c e ll  s u s ­
pension  w as tran sfe rred  to  a 16 mm x 150 mm s te rile  te s t  tube standing  
in  an uprigh t p osition  in  an  ice  b a th . Ten m inutes w ere a llow ed for 
the  sed im en ta tio n  of la rge  t is s u e  frag m e n ts . The su p e rn a tan t flu id  
w as then  tran sfe rred  to  a s te r ile  12 ml c o n ic a l cen trifuge  tu b e . The 
c e lls  w ere packed  by cen trifu g a tio n  u sin g  a M odel PR -2 In te rna tiona l 
C entrifuge w ith  #269 sw inging bucket ro to r (In ternational Equipment 
Com pany, B oston, M a ssa c h u se tts )  a t 4 C for 15 m inutes a t  1 ,000  
rpm . The su p e rn a tan t flu id  w as rem oved and  the c e l ls  w ere s u s ­
pended in  fre sh  PBSA. The su sp e n s io n  w as cen trifuged  again  a t
1 ,000 rpm fo r 10 m in u te s . T his p ro cess  w as  rep ea ted  two t im e s .
After th e  th ird  cen trifu g a tio n , th e  su p e rn a tan t flu id  w as rem oved and 
a  volume of PBSA eq u al to  th e  volum e of th e  packed  c e l ls  w as added  
to  the  cen trifu g e  tu b e . The c e l ls  w ere th en  su spended  in  PBSA by
gen tle  a g ita tio n  and th e  re su ltin g  su sp e n s io n  w as s to red  a t  4 C u n til 
n e e d e d .
Figure 1 . C utaw ay sec tio n  show ing th e  anatom ical p o sitio n  
and ex ten t of the bursa  of F ab ric iu s (arrow) in  a 
se v en -w ee k -o ld  p u lle t .
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Figure 2 . C u taw ay  se c tio n  show ing th e  ana tom ica l lo ca tio n  and  
e x te n t of th e  thym us (arrows) in  a se v en -w ee k -o ld  
p u lle t .

Figure 3 . The major lymphoid organs of a se v en -w ee k -o ld  
p u lle t.
1) The sp le e n .
2) The bursa  of F ab ric iu s a tta c h e d  to  the  c lo a c a .
3) The thym us.

The v iab le  c e l l  concen tra tion  of each  su sp en s io n  w as determ ined 
by th e  m ethod of P h illip s  and Terryberry (1957). A 0 .0 1  ml a liq u o t of 
the  su sp en s io n  w as tran sfe rred  to  a W asserm an tube con ta in ing  1 .99  
ml PBSA and 0 .4 0  ml e ry th rosin  B so lu tio n . A drop of th is  m ixture w as 
th en  p laced  on a  Spencer B right-line hem ocytom eter (American O p tica l 
Com pany, Buffalo, New York) and the  number of s ta in e d  and u n sta in ed  
m ononucleated  c e lls  (excluding ery th rocy tes) in  80 sm all squares w as 
co u n ted . The num ber of v iab le  c e lls  per ml of the  o rig ina l su sp en sio n  
w as c a lc u la te d  from th e  c e ll  count by the  formula:
V iable c e l ls /m l = Viable c e ll count x 1 .2  x  10^
The c e l l  su sp en s io n s  w ere then  d ilu ted  w ith PBSA to  a conven ien t con­
cen tra tio n  (u su a lly  1 .0  x  10^/m l).
W here in d ic a te d , an tigen  w as m ixed w ith lym phoid c e lls  (2
b a c te ria  per v ia b le  cell) by the  add ition  of 0 .0 2  ml of th e  an tigen
(1 .0  x 1011 b a c te ria /m l) to  1 .0  ml of the  lym phoid c e ll  su sp en s io n
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con ta in ing  1 .0  x 10 v iab le  c e l l s .  W hen h e a t-k il le d  lymphoid c e lls  
w ere n eed ed , an  a liq u o t of th is  su sp en s io n  w as h ea ted  a t  57 C for 30 
to  45 m in u tes . C e ll v ia b ility  reg u la ted  the  tim e requ ired  for h e a tin g .
The tra n s fe r  of c e lls  in  M illipore  cham bers w as accom plished  by 
f irs t  co n stru c tin g  cham bers from p le x ig la ss  rings (14 mm outer d iam ete r, 
10 mm inner d iam e te r, 2 mm d e ep ), nylon re in fo rced  f i l te r  d is c s  
(0 .4 5  u pore s iz e ) , and MF cem ent # 1 . T hese m ateria ls  w ere pu rchased  
from th e  M illipore  F ilte r C orporation , Bedford, M a s s a c h u s e tts .  A
Figure 4 . Diagram  of the  c e ll  tra n s fe r  sy s tem .
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f il te r  d isc  w as g lued  to  one s ide  of a  rin g , and tw o such rin g s  were 
th en  g lued  to g e th e r  w ith  th e  d isc s  on the  ou term ost s id e s .  A ssem bled 
cham bers w ere s te r il iz e d  by exposure  to  e th y len e  oxide in  a  C ryotherm , 
C a n -O -G a s  S te r iliz e r  (American S te r iliz e r , E rie , P ennsy lvan ia) or to  
u ltra v io le t lig h t for 18 h o u rs . T est p rep a ra tio n s w ere in je c te d  in to  
th e  cham ber through  a  ho le  in  one of th e  p le x ig la ss  r in g s . The hole 
w as th en  se a le d  w ith  a nylon  s tic k  and  cem en t. A ssem bled , loaded  
cham bers w ere k ep t a t  4 C prior to  being in se r te d  in to  a re c ip ie n t c h ic k .
In Figure 4 th e  m ajor s te p s  in  th e  c e l l  tra n s fe r  system  have been  
o u tlin e d .
D . C o llec tin g  and P ro cess in g  th e  Sam ples
Serum Sam ples
As p rev io u s ly  in d ic a te d , th e  re c ip ie n ts  w ere ex san g u in a ted  by 
d e c a p ita tio n  or ca rd iac  puncture  s ix  day s a fte r c e l l  tra n s fe r  had  been 
acc o m p lish e d . Blood w as c o lle c te d  in  s te r ile  16 mm x 150 mm te s t  
tu b es  and a llow ed  to  c lo t a t  room tem p era tu re . In order to  free  the  
c lo tted  blood from the g l a s s ,  the  tu b es  were sh a rp ly  rapped a g a in s t 
th e  palm  of th e  h an d . C lo t re tra c tio n  w as a llow ed  to  p roceed  over­
n igh t a t  room te m p e ra tu re . The serum  w as th en  d ecan ted  in to  
W asserm an  tu b e s  and cen trifuged  for 10 m inutes a t  2 ,000  rpm in 
an  In te rn a tio n a l C en trifuge  (M odel C M ). The c le a re d  serum  w as th en  
tran sfe rred  to  a  seco n d  W asserm an  tube and s to re d  a t -20  C . Prior
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to  a s s a y /  serum  sam ples w ere th aw ed , gen tly  sh a k en , and cen trifuged  
again  in  the  In te rn a tio n a l CM a t  2 ,000  rpm for 10 m inu tes .
Chamber C on ten ts
Cham bers w ere rem oved from the  p e rito n ea l c av ity  of each  
rec ip ien t and p laced  in  in d iv idua lly  la b e lle d  s te r ile  p e tri d is h e s .
One f ilte r  d is c  w as rem oved from each  cham ber. The cham ber co n ten ts  
w ere tran sfe rred  to  a cen trifuge  tu b e . The flu id  portion w as then  c la r i­
fied  by cen trifu g a tio n  and hand led  in  the m anner d esc rib ed  for serum  
sa m p le s .
Antibody T itra tions
The determ ination  of ag g lu tin in s  in  the  se ra  of re c ip ie n t ch icks 
w as accom plished  through the  u se  of the  "M icro tite r System " manu­
fac tu red  by Cooke E ngineering Com pany, A lexandria , V irg in ia . The 
m ethod em ployed h as been d esc rib ed  in  d e ta il  by Rink (1965) and Stout 
(1966). In th e  p re sen t in v e s tig a tio n  i t  w as n e c e ssa ry  to  ex tend  the  
incubation  tim e to  36 hours in  order to  ach iev e  good p a tte rn  form ation . 
The an tigen  em ployed w as th e  sam e a s  th a t d e sc rib e d  p rev io u sly  w ith  
the  ex cep tio n  th a t  i t  w as su sp en d ed  in  sa lin e  ra th e r th an  PBSA. All 
th e  t itra tio n s  w ere perform ed in  tr ip lic a te  and the  t i te r  of e a c h  sam ple 
w as recorded  a s  th e  log 2 of th e  rec ip ro ca l of th e  h ig h es t serum  d ilu tion  
cau sin g  ag g lu tin a tio n  in  tw o of th ree  r e p l ic a te s . Cham ber co n te n ts  w ere 
t itra te d  in  th e  sam e m anner. T iters  of g rea te r th an  3 w ere no t co n sid ered
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to  be s ig n if ic a n t s in ce  p a tte rn  form ation w as d ifficu lt to  in te rp re t in  
high co n cen tra tio n s  of ch icken  serum .
A ssay  of Splenom egaly
The procedures u se d  in  th e  a n a ly s is  and  in te rp re ta tio n  of d a ta  
perta in ing  to  sp lenom egaly  w ere th o se  d e sc rib e d  by P aperm aster e t a l .  
(1962). S ix days a fte r  th e  bu rsectom ized  re c ip ie n ts  had  rece iv ed  te s t  
or con tro l p rep a ra tio n s , th ey  w ere w eighed to  th e  n e a re s t  0 .1  g on a 
Harvard Trip Balance (Ohaus S ca le  C orporation , U nion, New Je rse y ) .
The w eigh t of each  ch ick  w as reco rded  and th e  c h ic k s  were e x sa n ­
gu inated  by ca rd iac  p u nc tu re . The sp leen  of each  b ird  w as d is s e c te d  
from the  p e rito n ea l c av ity  and p laced  in  a p e tri d ish  con ta in ing  cold  
s a l in e . Extraneous fa t and co n n ec tiv e  t is s u e  were rem oved from the 
o rg a n s . The sp le en s  w ere th en  p laced  on a b lo tte r  for one m inute and 
w eighed to  th e  n e a re s t m illigram  on a  S e le c ta  Rapid Balance (S arto riu s- 
W erke, G o ttiin g en , Germ any). The re la tiv e  sp leen  w eigh t (RSW) for 
each  an im al w as c a lc u la te d  a s  fo llow s:
p c w . sp leen  w t (mg)
RSW body w t (g)
The index  of sp lenom egaly  (IS) w as c a lc u la te d  for each  c h ick  by 
m eans of a second  form ula:
RSW -(test)
M ean RSW (control)
The s ig n ific an c e  of the  v a lu e  ob ta ined  w as m easured  by a  "sim ple 
a n a ly s is  of v a rian ce"  a s  d e sc rib e d  by Underwood e t a l .  (1954).
RESULTS AND DISCUSSION
Since an tibody  p roduction  in  the  c e ll  tra n s fe r  system  i s , in  
p a r t ,  dependen t upon th e  num ber of v iab le  c e l ls  tran sfe rred  to  a  
rec ip ie n t a n im a l, i t  w as n e c e ssa ry  to  e s ta b l is h  a  rou tine  procedure 
for the  p repara tion  and enum eration of v iab le  lym phoid c e l l s .
The f i r s t  experim ent w as d esig n ed  to  dem onstra te  the  e ffic ien cy  
o f PBS w ith  and  w ithout added  p ro te in  to  support the  v iab ility  of ch icken  
sp le n ic  c e l l s . An ad u lt hen  w as sa c rif ic e d  accord ing  to  th e  method 
p rev io u sly  d e sc r ib e d . The sp leen  w as rem oved from the c a rc a s s  and 
c u t in to  th ree  p ie c e s ,  n ea rly  eq u a l in  s iz e .  One p iece  w as p laced  in 
PBS, ano ther w as p laced  in  PBS contain ing  0 .4  per cen t BSA (PBSA), 
and  a th ird  w as p laced  in  PBS w ith 10 per cen t p reco lo stra l c a lf  serum . 
As d e sc rib e d  above , c e l l  su sp en s io n s  w ere prepared  in  e ach  buffered 
so lu tio n . Follow ing th e  fin a l w ash in g , the  packed  c e lls  w ere s u s ­
pended  in  enough buffer to  g ive a 20 per cen t (V/V) c e ll  su sp e n s io n . 
W ith  the  a id  of a  0 .1  ml se ro lo g ic a l p ip e tte , 0 .0 3  ml of e ac h  su sp en ­
s io n  w as tran sfe rred  to  a W asserm an te s t  tube  con ta in ing  0 .9 7  ml of 
th e  re sp e c tiv e  buffer so lu tio n  and 0 .2  ml of the  e ry th rosin  B so lu tion  
w hich  h as been  d e sc rib e d  p rev io u s ly . The c e l ls  and reag en ts  were 
m ixed a t room tem p era tu re , and v iab le  and to ta l  c e ll  coun ts w ere 
determ ined  for each  p repara tion  a t  one m inute in te rv a ls . At le a s t  100
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c e lls  w ere  counted a t  each  In te rv a l. The per cen t v ia b ility  w as
c a lc u la te d  from th e  form ula:
 ................. N o. of u n s ta in e d  c e lls% V iab ility  = 100 x ------------------------------------
T otal N o. of c e l ls  
The re s u l ts  shown in  Figure 5 in d ic a te  th a t  c e l l  v ia b ility  w as rap id ly  
lo s t  in  unsupp lem en ted  PBS. In c o n tra s t , bo th  p reparations co n ta in ­
ing added  protein seem ed  to  support c e ll  v ia b il i ty . S ince th is  t e s t  had 
been  show n t o b e  se n s it iv e  to  th e  p ro tein  con cen tra tio n  of th e  su sp en d ­
ing medium {Phillips and A ndrew s, 1959), i t  w as p o ss ib le  th a t the  
pro tein  added to  th e  PBS had com plexed w ith  the  dye and prevented  a 
true estim atio n  of c e l l  v ia b il i ty .
T his problem  w as approached  by determ ining th e  v ia b ility  of 
sp le n ic  c e lls  in PBSA so lu tion  in  the  p re sen c e  and a b sen c e  of added 
M e rth io la te . In th e  sam e experim ent two co n cen tra tio n s  of e ry th rosin  B 
were com pared for th e ir  a b ility  to  s ta in  d ead  c e l ls .  W hen the  co n cen tra ­
tion  of e ry th ro sin  B in  the dye ex c lu sio n  t e s t  w as reduced  by 50 per c en t, 
none of th e  c e lls  w ere s ta in e d . This f in d in g , curve A in  Figure 6 , would 
allow  for the  co n c lu sio n  th a t th e  c e lls  w ere 100 per cen t v iab le ; how­
e v e r, th e  sam e figure  w as o b ta in ed  w hen th e  c e lls  w ere mixed w ith 
tox ic  co n cen tra tio n s  of M erth io la te  {Curve B). W hen th e  h igher con­
cen tra tio n  of e ry th ro sin  B w as em ployed in  th e  dye ex c lu sio n  t e s t  i t  
w as p o ss ib le  to  dem onstra te  m arked d iffe ren ces  in  c e l l  v ia b ility  in  the 
p re sen c e  and a b se n c e  of M erth io la te . As dem onstra ted  in  curve C , the 
per c e n t v ia b ility  rem ained re la tiv e ly  c o n s ta n t betw een 5 and 17 m inutes
Figure 5 . Survival o f sp len ic  c e lls  in  v ario u s  suspend ing  m ed ia . 
Curve A, 10 per c e n t p rec o lo s tra l c a lf  serum  in PBS; 
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Figure 6 . The e ffe c t of e ry th ro sin  B co n cen tra tio n  and 
M erth io la te  on th e  apparen t v ia b ility  of c e l ls  
su sp en d ed  in PBSA.
Curve A, o, c a lc u la te d  v ia b ility  in  PBSA w ith 
0 .1  ml e ry th ro sin  B so lu tion  per 1 .2  ml m ixture. 
Curve B, ®, a s  C urve A w ith  M erth io late  (one part 
per 1 0 ,0 0 0 ).
Curve C , P , c a lc u la te d  v ia b ility  in  PBSA w ith  0 .2  ml 
e ry th ro sin  B so lu tio n  per 1 .2  ml m ix tu re .
Curve D ,h , a s  C urve C w ith  M erth io la te  (one part 
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a fte r  adding th e  dye so lu tion ; how ever, M erth io la te  d estro y ed  the  dye 
exclud ing  a b ili ty  of sp len ic  c e l ls  w ith in  the  sam e in te rv a l of tim e .
T hese re s u lts  dem onstra ted  th a t th e  co ncen tra tion  of p ro tein  
in  th e  suspend ing  m edium , a s  w ell a s  th e  co ncen tra tion  of e ry th rosin  B 
em ployed in  the  dye e x c lu sio n  t e s t ,  w ere extrem ely  im portant if  d a ta  
concern ing  c e l l  v ia b ility  w as to  be in te rp re ted  a s  v a lid . C e lls  e x c lu d ­
ing the  dye should  be d e s ig n a ted  v iab le  only if  i t  is  p o ss ib le  to  
dem onstra te  dye up take  a fte r  le th a l trea tm en t.
Agglutinin production  by tran sfe rred  sp len ic  c e lls
In order to  determ ine the  e ffic ien cy  of th e  c e l l  tra n s fe r  system  a s  
em ployed in  th e  p re sen t s tu d y , the  a b ility  of ad u lt sp le n ic  c e lls  to  
sy n th e s ize  an tibody  w hen m ixed in  v itro  w ith B. abortus an tigen  and 
then  tran sfe rred  to  o n e -d a y -o ld  bu rsectom ized  rec ip ie n t ch icks w as 
in v e s tig a te d . C e ll su sp e n s io n s  w ere prepared from the  sp le en s  of 
two h e n s , 32 w eeks of a g e . Groups of re c ip ie n t ch icks rece iv ed  
sp le n ic  c e lls  m ixed w ith  a n tig en , sp le n ic  c e lls  a lo n e , a n tig en  a lo n e , 
sp len ic  c e l ls  w ith  an tig en  to  w hich M erth io la te  had been  added  to  g ive 
a  fin a l con cen tra tio n  of 1 /1 0 ,0 0 0 , PBSA, and no trea tm e n t. The ex p e ri­
ment w as conducted  in  th e  m anner d esc rib ed  in  th e  M a te ria ls  and 
M ethods s e c t io n . The re c ip ie n ts  w ere ex san g u in a ted  6 d a y s  la te r  
and  then  serum  ag g lu tin in  t i te rs  a g a in s t J3. abo rtu s w ere d e te rm in ed .
The r e s u l ts ,  in  T able 4 , show th e  p resen ce  of a g g lu tin in s  in  the  se ra  
of re c ip ie n ts  having  rec e iv e d  sp le n ic  c e lls  m ixed w ith  a n tig e n .
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Table 4 . Antibody T ite rs  in  R ecip ien ts of Adult S p len ic  C e lls
Group _
No.
Treatm ent N o .
su rv ivors 
ini e c te d A gglutinin t i te r s  of responders*
A** Donor A sp le n ic  
c e lls  plus an tig en
4 /8
00COCO 8
B*** Same a s  A w ith  
M erth io late
4 /8 6 , 8 ,  8 , 8
c** Donor B sp le n ic  
c e lls  plus an tig en
6 /8 8 , 8 , 8 ,
COCOCO
j}*** Same a s  C w ith  
M erth io late
5 /8 CO 7, 8
£***★ Antigen only 4 /1 0 -
F PBSA only 4 /6 -
G No trea tm ent 1/6 -
*T iters are  e x p re sse d  as lo g 2 of the  rec ip ro ca l of th e  h ig h est serum  
d ilu tion  showing ag g lu tin a tio n  in  two of th ree  re p lic a te  titra tio n s  .
**Each ch ick  rec e iv e d  2 .0  x  10® v iab le  sp le n ic  c e lls  and  4 .0  x  10® 
h e a t-k ille d  B. abortus c e l l s .
***M erth io late  w as included  in  a  fin a l co n cen tra tio n  of one part in  
10 , 0 0 0 .
****4 .0  x  10® h e a t-k il le d  B. abo rtu s c e lls  in  PBSA.
Although th e  re c ip ie n ts  in  groups B and D w hich  had  rec e iv e d  th e  
con tro l p rep a ra tio n , sp le n ic  c e l ls  w ith  an tig en  p lus M erth io la te , 
a ls o  dem onstra ted  s ig n if ic an t an tibody  t i t e r s , i t  i s  probable  th a t the  
M erth io la te  d id  not k ill  a ll  of th e  in je c te d  sp le n ic  c e l l s .  T hus, the  
su rv iv ing  c e l ls  produced ag g lu tin in s w hich  w ere  la te r  d e te c te d . 
A gglutin ins w ere  not found in  th e  se ra  of rec ip ie n ts  in je c te d  w ith  the  
o th er con tro l p rep ara tio n s or le ft u n tre a te d . Note th e  num ber of 
re c ip ie n ts  in je c te d  and th e  num ber w hich su rv ived  u n til day 6 . It is  
common know ledge th a t bu rsectom ized  c h ic k s  do not th riv e  w e ll for 
re a so n s  w hich  s t i l l  rem ain  to  be  de te rm ined .
T hese re s u lts  w ere e s s e n t ia lly  th e  sam e a s  th o se  reported  by 
Paperm aster e t_a l. (1959, 1962). I t w as assum ed  by th e se  au th o rs , 
for rea so n s  rev iew ed  in  d e ta il  by C ochran  and Dixon (1962), th a t the  
ag g lu tin in s p resen t in  th e  se ra  of th e  re c ip ie n t ch ick s  w ere  sy n th e ­
s iz e d  by th e  tran sfe rred  c e l ls  . The sam e assum ption  b a se d  on th e  
lack  of an tibody  in  re c ip ie n ts  receiv ing  con tro l p rep ara tio n s w ill be 
adhered  to  in  th e  p resen t in v e s tig a tio n .
A gglutin in  production  by tran sfe rred  lym phoid c e l ls
In order to  determ ine if  im m unologically  com petent c e l ls  w ere 
p re se n t in  lym phoid o rgans o ther th a n  th e  s p le e n , c e l l  su sp e n s io n s  
w ere  p repared  from th e  s p le e n , thym us and b u rsa  of a  95 -d a y -o ld  
donor hen  ("Dam") a s  p rev io u sly  d e sc r ib e d . The various c e ll  p rep a ra ­
tio n s  w ere  m ixed w ith an tig en  and te s te d  for th e ir  a b ili ty  to
sy n th e s iz e  antibody in  bu rsectom ized  r e c ip ie n ts . The re s u lts  in  
Table 5 c le a rly  dem onstra te  th e  antibody producing c ap ab ility  of 
tran sfe rred  sp le n ic  c e l l s .  S ig n ifican t an tibody  t i te rs  w ere not dem on­
s tra te d  in  th e  con tro l rec ip ie n ts  nor in  the  re c ip ie n ts  w hich had  
rece iv ed  b u rsa l c e l ls  w ith  a n tig e n . The o b se rv a tio n  th a t 4 of th e  9 
surviving re c ip ie n ts  w hich had  rece iv ed  thym ic c e lls  d isp lay ed  s ig n i­
fican t le v e ls  of serum  agg lu tin in  w as m ost s tr ik in g . S evera l e x p la n a ­
tio n s  cou ld  accoun t for th is  find ing . It w as p o ss ib le  th a t in  p repara tion  
th e  thym ic c e ll  su sp en s io n s  had been  con tam inated  w ith lym phoid c e lls  
derived  from th e  b lo o d . This w ould be  re f le c te d  in  th e  re la tiv e ly  low 
serum t i te r s  in  4 of th e  9 b ird s and th e  a b sen c e  of d e te c tab le  an tibody 
in  th e  rem aining 5 re c ip ie n ts . It w as a lso  p o ss ib le  th a t th e  an tibody 
d e te c te d  w as a c tu a lly  sy n th e s ize d  by some portion  of th e  thym ic c e ll 
p o p u la tio n . In th is  c a s e ,  th e  low serum  ti te rs  might be re la te d  to  th e  
number of com petent c e l ls  res id in g  in  th e  thym us of a  ch ick en  of th is  
a g e .
To explore  th e s e  p o s s ib i l i t ie s  fu rther, th e  experim ent w as 
rep e a te d  w ith  four "Dam" d o n o rs , 58 days of a g e , and Id ea l re c ip ie n ts . 
The re s u l ts  a re  sum m arized in  Table 6 . A gglutinin t i te rs  w ere  d e te c te d  
in  th e  s e ra  of a ll  th e  rec ip ie n ts  w hich had  rec e iv e d  sp le n ic  c e l ls  and 
a n tig e n . S ign ifican t an tibody  t i te r s  cou ld  not b e  dem onstra ted  in  th e  
se ra  o f re c ip ie n ts  in je c te d  w ith  b u rsa l c e l ls  and  a n tig e n , nor any  o f th e  
o ther con tro l p re p a ra tio n s . O nce a g a in , som e of th e  re c ip ie n ts  in je c te d
40
Table 5 . A gglutinin T iters in  R ecip ien ts of C e lls  from Various Lymphoid 
O rgans
Group Treatm ent
N o. surv ivors 
N o. in le c te d A aalu tin in  t i te r s  of resD onders*
A** S plen ic  c e lls  
p lus an tigen
14/18 6 , 7 , 8 , 8 , 8 , 9 , 9 , 9 , 9 , 9 , 
9 , 9 , 10, 10
B** Thymic c e lls  
p lus an tigen
9 /10 4 , 5 , 5 , 5
c** Bursal c e lls  
p lus an tig en
6 /10 -
0*** Antigen only 8 /10 -
E No trea tm en t 8 .1 0 -
*T iters are e x p re ssed  as log 2 of th e  rec ip ro ca l of th e  h ig h es t serum  
d ilu tio n  show ing ag g lu tin a tio n  in  tw o of th ree  re p lic a te  t i t r a t io n s .
**Each ch ick  rece iv ed  2 .0  x 10® v iab le  lym phoid c e l ls  and  4 .0  x  10® 
h e a t-k il le d  B. abortus c e l l s .
***Each ch ick  rece iv ed  4 .0  x  10® h e a t-k il le d  B. ab o rtu s  c e l ls  su sp en d ed  
in  PBSA.
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T ab le  6 . Antibody T iters in  R ecip ien ts  of Lymphoid C e lls  D erived  from 
Four Donor H ens
N o . su rv ivo rs
G roup Treatm ent N o. in je c te d  A gglutin in  t i te r s  of responders*
A** S p len ic  c e lls  
p lu s  an tigen
7 /7 4 ,
B** Thymic c e lls  
p lu s  an tigen
16/20 5 ,
c * * B ursal c e lls  
p lu s an tigen
9 .1 0 -
q *** S p len ic  c e lls  on ly 7 /7 -
£*** Thymic c e lls  on ly 16/20 -
p * * * B ursal c e lls  on ly 9 .1 0 -
Q**** H eated  sp len ic  
c e l ls  p lus a n tig e n
5 /6 -
JJ**** H eated  thym ic 
c e l ls  p lus a n tig en
16/20 -
A ntigen only 12/15 -
I No trea tm en t 13/15 -
*T iters a re  e x p re sse d  a s  log 2 o f th e  rec ip ro ca l of th e  h ig h es t serum  
d ilu tio n  show ing a g g lu tin a tio n  in  tw o of th re e  re p lic a te  t i t r a t io n s .
**Each ch ick  rec e iv e d  2 .0  x 10® v iab le  lym phoid c e l ls  from th e  
in d ic a te d  organ an d  4 .0  x  10® B. abo rtus c e l l s .
***Each ch ick  rec e iv e d  2 .0  x  10® v ia b le  lym phoid c e l ls  from th e  
in d ic a te d  o rgan .
****Each ch ick  rec e iv e d  an  a liq u o t of p rep a ra tio n  A or B a fte r  i t  had  
b e en  h e a te d  to  k ill  th e  lym phoid c e l l s .
*****Each ch ick  rec e iv e d  4 .0  x  10® h e a t-k il le d  B . ab o rtu s  c e l ls  in  PBSA.
w ith  th e  m ixture of thym ic c e l ls  and an tig en  p o s s e s s e d  s ig n ifican t 
agg lu tin in  t i t e r s .  T iters re su ltin g  from the in je c tio n  of thym ic c e lls  
and an tigen  w ere  of approxim ately  th e  sam e m agnitude a s  th o se  se e n  
in  rec ip ie n ts  w hich  had rec e iv e d  sp le n ic  c e lls  and  a n tig en . This 
w ould tend  to  exclude  a m ajor an tibody producing role by blood 
lym phocytes u n le s s  the  antibody  re su ltin g  from sp le n ic  c e ll tran s fe r  
w as a lso  due to  an  equal amount of su ch  contam ination  w hich seem s 
u n lik e ly .
The an tibody  producing a b il i tie s  of thym ic and b u rsa l c e ll  
p repara tions ob ta in ed  from th e  ind iv idua l donors em ployed in  the  
preced ing  experim ent are  com pared in  Table 7 . N ote th e  d is trib u tio n  
of agg lu tin in  t i te r s  in  rec ip ie n ts  w hich had rec e iv e d  thym ic c e lls  mixed 
w ith  an tig en . Although agg lu tin in s cou ld  not be d e te c ted  in  th e  se ra  of 
th e  two su rv iv ing  rec ip ie n ts  in je c te d  w ith  thym ic c e lls  ob tained  from 
donor number 1 , antibody w as p resen t in  the  se ra  of at le a s t  one 
rec ip ie n t in je c te d  w ith  thym ic c e ll p repara tions from each  of th e  th ree  
rem aining d o n o rs .
The h e te ro g en e ity  of th e  re sp o n se
The v a ria b ility  of th e  an tibody resp o n se  in  rec ip ie n ts  o f thym ic 
c e l ls  derived  from sin g le  donors w as a  p e rs is te n t f in d in g . A sim ila r 
v a ria tio n  in  an tibody  p roduction  w as observed  by P aperm aster e t a l . 
(1962) w hen s p le n ic  c e l ls  and  an tig en  w ere tran sfe rred  to  normal o n e -  
d a y -o ld  c h ic k s . T hese au tho rs su g g ested  tha t th e  rec ip ien t w as
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Table 7 . Antibody T iters in  R ecip ien ts  of S p len ic  and Thymic C e lls  
from D ifferent Donor H ens
Treatm ent**
No. surv ivors 
N o. in ie c te d A aalu tin in  t i te rs  of res  ponders*
Donor 1 sp leen 2 / 2 5 , 7
Donor 2 sp leen 1 / 1 8
Donor 3 sp leen 2 / 2 4 , 6
Donor 4 sp leen 2 / 2 6 , 7
Donor 1 thym us 2/5 -
Donor 2 thym us 5 /5 6 , 7
Donor 3 thym us 4 /5 6
Donor 4 thym us 5 /5 5
*T iters a re  e x p re sse d  a s  log 2 o f th e  rec ip ro ca l of th e  h ig h es t serum  
d ilu tion  show ing ag g lu tin a tio n  in  two of th re e  re p lic a te  t i t r a t io n s .
o
**Each ch ick  rec e iv e d  2 .0  x  10 v iab le  lym phoid c e l l s ,  p repared  from 
th e  in d ic a te d  organ and 4 .0  x  10 h e a t-k il le d  B. abo rtus c e l l s .
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destroy ing  th e  g ra ft. The problem w as overcom e through th e  use  of 
b u rsec to m ized  rec ip ie n ts  which le d  Good e t a l .  (1965) to  b e liev e  th a t 
an tibody  sy n th e s ize d  by  the  norm al chick w a s  re sp o n s ib le  for the 
re je c tio n  of tran sfe rred  sp len ic  c e l l s .
If th e  re je c tio n  of sp len ic  c e lls  w as m ed iated  by h o s t an tibody , 
one might b e lie v e  th a t thym ic c e l ls  would b e  re je c te d  in  a  sim ila r 
m anner. Although bursectom y seem ed to  d e c re a se  the  v a ria b ility  in  
th e  immune resp o n se  a s  reported  by P aperm aster et a l .  (1962), th e  
antibody t i te r s  w ere not exceed ing ly  h ig h . In  f a c t , they  approxim ated  
th e  tite rs  w hich Trinka and Riha (1959) ob ta in ed  in  th e  tra n s fe r  of 
sp le n ic  c e l ls  mixed w ith  Brucella su is  to  n e o n a ta l c h ic k s . The t i te r s  
w ere  much low er than  th o se  observed  by th e  sam e au thors w hen 18- 
d ay -o ld  ch ick  embryos w ere u sed  a s  r e c ip ie n ts . Their re s u l ts  w ould 
in d ic a te  th a t hom ologous sp len ic  c e lls  may su ffe r some degree  of 
re je c tio n  e v en  in  the  bu rsectom ized  ch ick .
In v iew  of th is  p o s s ib il i ty , a  study w a s  undertaken  to  d e te r­
m ine if  sp le n ic  c e lls  w ere  re je c te d  by the  b u rsec to m ized  re c ip ie n t . 
T w enty-one new ly h a tc h ed  bursectom ized  re c ip ie n ts  w ere  d iv ided  in to  
th re e  groups of sev en  e a c h . The f irs t  group w a s  in je c te d  w ith  adu lt 
sp le n ic  c e l ls  and  a n tig e n . The second  group rece iv ed  s p le n ic  c e lls  
a lo n e , w h ile  th e  th ird  group w as le f t  u n tre a te d . Seven d ay s  la te r ,  
th e  re c ip ie n ts  w ere b le d . The n ex t day th e  c h ic k s  in  g roups 2 and 3 
w ere  in je c te d  w ith a n tig e n . S even  days la te r  th ey  w ere b le d  a
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second  tim e . All se ra  w ere  t itra te d  for antibody a c tiv ity . The re s u lts  
in  T able 8 show  th a t w hen th e  in je c tio n  of an tig en  w as de layed  for 
sev en  d a y s , only tw o of th e  seven  re c ip ie n ts  w hich had rece iv ed  
sp le n ic  c e lls  on day one w ere  s t i l l  c ap a b le  of resp o n d in g . This 
w ould in d ic a te  th a t th e  tran sfe rred  sp le n ic  c e lls  w ere  re je c te d  in  the  
rem aining five r e c ip ie n ts . N ote th a t th e  d a ta  are  sim ilar to  th e  re su lts  
ob tained  w hen thym ic c e lls  w ere  tran s fe rred  to  bu rsectom ized  r e c i ­
p ie n ts .  The tw o b irds w ith  t i te r s  had  re la tiv e ly  high co n cen tra tio n s 
of an tibody  in  th e ir  s e ra . From th e se  d a ta  i t  w ould appear th a t even  
th e  bu rsec to m ized  bird w hich  cannot sy n th e s iz e  an tibody does not 
re je c t d isp e rse d  c e llu la r  g ra f ts .
S ince  inb red  ch ick en s w ere not u se d  in  th is  in v e s tig a tio n , some 
degree  of h is to co m p a tib ility  d iffe ren ces w ould be expec ted  be tw een  
donor c e l ls  and  bu rsectom ized  r e c ip ie n ts .
Thymic c e l ls  from "Dam" h e n s , 70 days of a g e , w ere te s te d  for 
h is to co m p a tib ility  d iffe ren ces  in  id e a l rec ip ie n ts  by th e  sp lenom egaly  
a s s a y .  At th e  sam e tim e , an tibody  form ation w as co rre la ted  w ith  
sp len o m eg aly . The p rep ara tio n  and tra n s fe r  of c e l ls  w ith  and w ithout 
a n tig en  a s  w e ll a s  h ea ted  c e l ls  w ith  a n tig en  w as ach iev ed  in  th e  
m anner p rev io u s ly  d e sc r ib e d . One group of re c ip ie n ts  rec e iv e d  an tig en  
a lo n e . S ix  d ay s  la te r ,  th e  b ird s w ere  w eighed  an d  th en  e x san g u in a te d . 
The sp le e n  o f each  rec ip ie n t w as w eighed  and th e  re la tiv e  sp le e n  
w eigh t w as c a lc u la te d  a s  p rev io u sly  d e sc r ib e d . From th e s e  v a lu e s
Table 8 . Survival of Antibody Producing C e lls  in  B ursectom ized C h icks
Day 7 R esponse D av 14 R esponse
Group Treatm ent
No. surv ivors 
No. in iec ted
T iters of 
Responders*
N o. surv ivors T iters of 
N o. in ie c te d  Responders*
]** Splenic c e lls  and 
an tigen  on day one
7 /7 4 , 5 , 6 , 6 
7 , 7 , 8
2*** Splenic c e l l s , day 
one; a n tig en , day eight
7 /7 - 7 /7  8 , 8
3**** No trea tm en t, day 
one; a n tig e n , day eight
7 /7 7 /7
*T iters are ex p ressed  a s  of th e  rec ip ro ca l of th e  h ig h es t serum  d ilu tion  showing
agg lu tina tion  in  two of th ree  re p lic a te  t i t r a t io n s .
**Each chick rece ived  2 .0  x 10® v iab le  sp len ic  c e l ls  and 4 .0  x  10® h e a t-k il le d  B. abortus 
c e l l s .
***Each chick rece ived  2 .0  x  10® v iab le  sp len ic  c e l l s .  Antigen d o se  w as in c re a se d  to  
8 .0  x  10® h e a t-k ille d  B. abortus c e lls  to  com pensate  for in c re a se d  body s iz e .
****Each chick rece iv ed  8 .0  x  10® h e a t-k il le d  B. abortus c e l l s .
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th e  in d ex  of sp lenom egaly  w as c a lc u la te d  for each  te s t  an im al by 
d iv id ing  th e  re la tiv e  sp le e n  w eigh t of th e  t e s t  an im al by th e  m ean 
re la tiv e  sp le e n  w eigh t of th e  group rece iv in g  a n tig en  a lo n e . A sp le n ic  
in d ex  of g re a te r  th an  1 . 0  w as ta k e n  a s  an  in d ic a tio n  of sp lenom egaly  
(Paperm aster e t a l . ,  1962). As s e e n  in  Table 9 , s ig n if ic a n t 
sp len o m eg a ly , in d ica tin g  h is to co m p a tab ility  d iffe re n c e s , w a s  found 
to  o ccu r in  groups 1 , 4 ,  and 6 . A lthough th is  t e s t  is  u se d  to  m easure 
a  g raft v e rsu s  host re a c t io n , i t  is  p o s s ib le  th a t  th e  sp lenom egaly  
o bserved  in  th e  b irds hav ing  p o s itiv e  ag g lu tin in  t i te r s  w a s  due to  th e  
re p lic a tio n  of an tibody  producing c e l l s . Of th e  e ig h te e n  re c ip ie n ts  
in je c te d  w ith  thym ic c e l ls  p lu s  a n tig e n , on ly  five p o s s e s s e d  antibody  
t i te r s  g re a te r  th an  2 . Four of th e s e  d em onstra ted  some d eg ree  of 
sp le n o m e g a ly .
T hese  re s u lts  se rv e  to  dem onstra te  th e  an tig en ic  h e te ro g en e ity  
of th e  t e s t  a n im a ls . W hether or not th is  h e te ro g en e ity  i s  o f im por­
ta n c e  in  c e l l  tra n s fe r  s tu d ie s  rem ains to  be  d e te rm in e d .
A ttem pts to  overcom e p o s s ib le  re je c tio n s  of thym ic c e l ls
In  a n  a ttem pt to  p ro tec t tra n s fe rre d  thym ic c e l ls  from p o ss ib le  
c e llu la r  re je c tio n  by th e  h o s t ,  M illipo re  cham bers w ith  c e l l -  
im perm eable f i l te r  d is c s  w ere  em ployed in  th e  tra n s fe r  sy s te m .
C e ll  su sp e n s io n s  w ere  p rep a red  from th e  sp le e n s  an d  thym uses 
o f s ix -w e e k -o ld  Id e a l h e n s . The p rep a ra tio n s  w ere  a d ju s te d  to  c o n ta in
8  Q2 .0  x  10 v iab le  lym phoid c e l ls  an d  4 .0  x  10° h e a t-k il le d  B . abo rtus
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Table 9 . Indexes of S p lenom egaly  of B ursectom ized C h icks In jec ted  
w ith  Thymic C e lls  and Antigen
Indexes of 
of splenom egaly  Indexes of
of responders of sp lenom egaly
Group Treatm ent_________ fantibodv tite r* ) of nonresponders
1*** Donor A thym ic 
c e lls  p lus an tigen
** 1 .6 ,  2 .7 ,  1 .7  




0 . 6 ,
0 .9 ,
1 . 1
1 . 2 ,
2 As 1, thym ic c e lls  
h e a t-k ille d
1 . 0 ,
1 .4 ,
1 .3 ,
1 . 2 ,
1 . 0 ,
0 . 6
0 . 8 ,
3 **** Donor A thym ic 
c e lls  only
0 .4 ,
1 . 2 ,
1 .3 ,
0 . 6 ,




4*** Donor B thym ic 
c e l ls  p lus an tigen
** 1 . 0 , 1 . 2  
(5, 4 )
1 . 1 ,
1 . 2 ,
1 .3 ,
1 . 0
1 . 0 , 1.5
5 As 4 , thym ic c e lls  
h e a t-k ille d
0 .9 ,
0 . 8 ,
0 . 8 ,
1 .4
1 .3 , 1 . 0 ,
g**** Donor B thym ic 
c e l ls  only
1 .4 ,
1 . 6 ,
0 .7 ,
1 . 8 ,
1 .4 ,
1 . 6 ,
1 .7 ,
0 .9
7***** A ntigen only 1 . 1 ,
1 . 0 ,
0 .9 ,
0 .9 ,
1 . 2 ,
1 . 2 ,
0 .9 ,
1 . 0 ,
0 .7 ,
1 . 1
1 . 0 ,
1 . 1
*T iters a re  e x p re sse d  a s  log,, of th e  rec ip ro ca l of th e  h ig h es t serum  
d ilu tio n  show ing ag g lu tin a tio n  in  tw o of th re e  re p lic a te  t i t r a t io n s .
**Indexes of sp lenom egaly  are  s ig n if ic an t (p l e s s  th an  0 .0 5 ) by 
sim ple  a n a ly s is  of v a ria n c e .
***Each chick  rec e iv e d  2 .0  x  10® v iab le  thym ic c e l ls  and  4 .0  x  10® 
h e a t-k il le d  B . abortus c e l l s .
****Each ch ick  rec e iv e d  2 .0  x  10® v iab le  thym ic c e l l s .
*****Each ch ick  rec e iv e d  4 .0  x  10® h e a t-k il le d  B. abortus c e l l s .
c e l ls  per 0 .3  m l. Cham bers w ere  th en  p rep a red , accord ing  to  the  
procedure  d esc rib ed  in  th e  M ate ria ls  and M ethods s e c t io n , to  c o n ta in  
v ia b le  c e lls  p lu s an tig en  or PBSA a lo n e . The cham bers w ere th e n  
p lac ed  in  th e  p e rito n ea l c av itie s  of o n e -d a y -o ld  bu rsectom ized  r e c i ­
p ie n ts  . C h icks w hich had  rece iv ed  PBSA cham bers a s  w e ll a s  norm al 
bu rsectom ized  re c ip ie n ts  w ere th e n  in je c te d  by th e  in tra p e rito n ea l 
rou te  w ith  lym phoid c e l ls  mixed w ith  a n tig e n . O ther b u rsec tom ized  
re c ip ie n ts  w ere in je c te d  w ith  thym ic c e lls  or w ere le ft u n tre a te d .
Six d a y s  la te r  th e  re c ip ie n ts  w ere e x san g u in a ted  and th e ir  cham bers 
w ere rem oved. The re s u l ts  of serum  ag g lu tin in  te s ts  a re  g iven  in  
Table 10. N ote the  ty p ic a l re sp o n se  seen  in  re c ip ie n ts  in je c te d  w ith  
thym ic c e lls  an d  a n tig e n . S ign ifican t le v e ls  of an tibody  w ere not 
d e te c te d  in th e  cham bers which had  been  charged  w ith sp le n ic  or 
thym ic c e lls  and  a n tig en . It is  p o ss ib le  th a t th e  c e lls  w ere c o n ­
tam inated  w ith m icroorganism s and fa iled  to  su rv iv e . It is  a lso  
p o ss ib le  th a t th ey  w ere destro y ed  by a hum oral fac to r, e . g . , 
m aternal an tibody .
The experim ent w a s  rep ea ted  using  PBSA supp lem ented  w ith  
a n tib io tic s ; how ever, neg a tiv e  re s u l ts  w ere  ob tained  once  m ore.
Another m odifica tion  of th e  tra n s fe r  sy s tem  in v o lv ed  th e  u se  of
1 8 -d ay -o ld  em bryonic r e c ip ie n ts .  T his m ethod has b e en  u se d  by 
Trinka and Riha (1959) w ho in v e s tig a te d  th e  a b ility  of th e  em bryonic 
environm ent to  support an tibody  sy n th e s is  by tran sfe rred  sp le n ic  c e l l s .
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T able 10. Effect of E nclosing  C e lls  and Antigen in  D iffusion  Cham bers
Groun Treatm ent
N o. surv ivors 
N o. in ie c te d  ’
A gglutinin t i te rs  
of resDonders*
A** PBSA in  cham ber, 
thym ic c e lls  and 
a n tig en , i . p .
7 /15 4 , 5 , 7 , 8
B** Thymic c e l ls  and 
a n tig e n , i . p .
6 / 1 0 6 ,
c * * Thymic c e lls  and 
a n tig e n , in  cham ber
8 /15 -
D** Thymic c e lls  
o n ly , i . p .
5 /1 0
E** S p len ic  c e l ls  and 
a n tig en  in  cham ber
8 / 1 0 -
p * * S p len ic  c e l ls  and 
a n tig e n , i . p .
2 /3 -
G No trea tm en t 10/15 -
*T iters a re  e x p re sse d  a s  log,, of th e  rec ip ro ca l of th e  h ig h es t serum  
d ilu tion  show ing ag g lu tin a tio n  in  tw o of th ree  re p lic a te  t i t r a t io n s .
**Each ch ick  rece iv ed  2 .0  x  10® v iab le  lym phoid c e l ls  and  4 .0  x  10® 
h e a t-k il le d  B. abo rtu s c e l l s .
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G roups of 18 -day  em bryos were in je c te d  in trav en o u s ly  w ith
m ixtures of v iab le  lym phoid c e l ls  and a n tig e n  a s  in d ic a te d  p rev io u s ly .
7
I t  w as n e c e s s a ry  to  red u ce  th e  number of tra n s fe rre d  c e l ls  to  5 .0  x  10 
per re c ip ie n t in  order to  avo id  fa ta l em bo lism . The re s u l ts  fa il  to  
confirm  th e  d a ta  of Trinka and  Riha (1959). As show n in  Table 11, 
only  tw o em bryos w hich  had rece iv ed  s p le n ic  c e l ls  had s ig n if ic a n t 
t i te rs  of a n tib o d y . Of th e  145 re c ip ie n ts , on ly  71 em bryos h a tc h e d .
In a  seco n d  experim en t w ith  th is  m odel sy s te m , th e  co n cen tra tio n
Q
of tran sfe rred  c e l ls  w as in c re a se d  to  1 .0  x 10 . All the  re c ip ie n ts  
d ie d , and th e  m ethod w as abandoned .
The e ffe c t o f tran sfe rrin g  in c re a se d  num bers of thym ic c e l ls  on 
the  immune re sp o n se  in  re c ip ie n t ch ick s
In p rev ious ex p e rim e n ts , a  c o n cen tra tio n  of 2.0 x  10® thym ic
c e l ls  had  been  u se d  in  th e  tra n s fe r  sy s te m . This num ber of thym ic
c e l ls  had been  ch o sen  on th e  b a s is  th a t  a  s im ila r num ber of sp le n ic
c e l ls  fun c tio n ed  m ost e ff ic ie n tly  in  th e  s y s te m .
In order to  determ ine  if  th e  num ber of thym ic c e l ls  tran sfe rred
w as a lim iting  fac to r th e  fo llow ing experim en t w as c o n d u c ted . Groups
of bu rsectom ized  re c ip ie n ts  (ideal) w ere in je c te d  w ith  a  m ixture of
an tig en  and  v ia b le  thym ic c e l ls  derived  from se v e n -w e e k -o ld  Id ea l
donor h e n s . The 2 to  1 ra tio  of the  num ber of h e a t-k il le d  b a c te r ia  to
th e  num ber of v ia b le  thym us c e l ls  in  a l l  p rep a ra tio n  w as m ain ta in ed .
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T able 11. C e ll T ransfer Employing E ighteen-D ay Embryonic R ecip ien ts
Group Treatm ent
No. surv ivors 
No. in ie c te d
A gglutinin t i te r s  
of responders*
A** S plen ic  c e lls  
p lus an tigen
2 / 1 1
oi—1s
B As A, sp len ic  
c e lls  h e a t-k il le d
3 /6 -
Q*** S plen ic  c e lls  only 4 /1 0 -
D** Thymic c e lls  p lu s  
an tigen
5 /1 6 -
E As D , thym ic c e l ls  
h e a t-k ille d
19/28 -
p*** Thymic c e lls  only 6 /14 -
G** Bursal c e l ls  p lus 
an tigen
0 /1 6 -
B ursal c e l ls  only 0 /14 -
Antigen only 13/15 -
L PBSA only 13/15 -
*T iters are  e x p re sse d  a s  log2 of th e  rec ip ro ca l o f th e  h ig h es t serum  
d ilu tion  show ing ag g lu tin a tio n  in  tw o of th ree  re p lic a te  t i t r a t io n s .
**Each ch ick  rece iv ed  2 .0  x  10** v iab le  lym phoid c e l ls  and 4 .0  x  10** 
h e a t-k il le d  B. abo rtus c e l l s .
***Each ch ick  rece iv ed  2 .0  x  10® v iab le  lym phoid c e l l s .
****Each ch ick  rece iv ed  4 .0  x  10® h e a t-k il le d  B. abortus c e l ls  in  
PBSA.
The re s u l ts  in  Figure 7 show th a t  a l l  th e  re c ip ie n ts  in je c te d  w ith
Q  Q
5 .0  x  10 or 1 .0  x  10 c e l ls  had  s ig n if ic a n t le v e ls  of ag g lu tin in  in  
th e ir  se ra  a t  the  tim e of t r a n s fe r . W hen th e  num ber of tran sfe rred  
thym ic c e l ls  w as red u c ed , th e  immune re sp o n se  in  th e  re c ip ie n ts  
w as v a r ia b le . Note th e  s im ila rity  of th e  re sp o n se s  o b ta in ed  w ith  th e  
tra n s fe r  of 2 . 0  x 1 0 ® v ia b le  thym ic c e l ls  to  the  d a ta  reco rded  p rev io u s ly . 
T hus, i t  w ould ap p ea r th a t th e  num ber of tran sfe rred  c e l ls  w a s , in d e e d , 
c r i t ic a l .  It is  p o ss ib le  th a t  th e  u se  of a  th resh o ld  d o se  of thym ic c e l ls  
may have co n trib u ted  to  the  m arked v a ria tio n  in  th e  immune re sp o n se  
se e n  in  th e  b u rsec to m ized  re c ip ie n ts  .
S im ilar re s u l ts  w ere o b ta in ed  w ith  thym ic c e l ls  from four d iffe r­
e n t donors (Id ea l), 33 d ay s  of a g e , a s  show n in  T able 12. The e x p e ri­
m ent w as conducted  a s  p rev io u sly  d e sc r ib e d . Of the  e ig h t su rv iv ing  
c h ic k s  w hich  had  re c e iv e d  1 . 0  x  1 0 ^ thym ic c e l l s ,  se v e n  had s ig n if i­
c a n t le v e ls  of ag g lu tin in  s ix  day s la te r .  S ig n ifican t t i te r s  could  no t
O
be d em onstra ted  in  fiv e  re c ip ie n ts  w hich  had rec e iv e d  2 . 0  x  10  
thym ic c e l l s .
S ince in c re a s e d  num bers of both  b a c te r ia l  and thym ic c e l ls  had  
been  em ployed , an  experim ent w as conducted  to  determ ine  w hether or 
no t an tibody  ap p ea red  in  th e  re c ip ie n ts  w hich  w ere in je c te d  w ith  
p rep a ra tio n s  co n ta in in g  in c re a se d  num bers of b a c te r ia  o r thym ic c e l l s . 
The re s u l ts  in  T able  13 dem onstra te  th e  a b se n c e  of ag g lu tin in  in  th e  
s e ra  of re c ip ie n ts  w h ich  had  re c e iv e d  co n tro l p re p a ra tio n s . For som e
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T able 12. A gglutinin T ite rs  in  R ecip ien ts of Various C o n cen tra tio n s of 
Thymic C e lls  D erived  from Four Donor P u l le ts .
Group Treatm ent
N o. surv ivors 
N o. in ie c te d
A gglutinin t i te rs  
of resD onders*
A** Donor A thym ic 
c e lls  p lu s an tig en
1 . 0  x  1 0 9
2 . 0  x  108
4 .0  x 107
4 /5
3 /6
8 / 1 0
4 , 4 , 6 , 10
B** Donor B thym ic 
c e lls  p lus an tigen
1 . 0  x  109




C** Donor C thym ic 
c e lls  p lus an tig en  
1 . 0  x  1 0 9 1 / 2 4
D** Donor D thym ic 
c e lls  p lus a n tig en  
1 . 0  x  1 0 9 1 / 1 4
£*** Antigen only 2 /9 -  -
*T iters are  e x p re ssed  a s  log 2 of th e  rec ip ro ca l of th e  h ig h es t serum  
d ilu tion  show ing ag g lu tin a tio n  in  two of th ree  re p lic a te  t i t r a t io n s .
**Each ch ick  rece iv ed  th e  in d ic a te d  number of thym ic c e l ls  and two 
tim es th is  number of h e a t-k il le d  B . abo rtus c e l l s .
***Each ch ick  rece iv ed  2 .0  x 109 h e a t-k il le d  B. abortus c e l ls  in  
PBSA.
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Table 13. A gglutinin T iters in  R ecip ien ts  of 1 ,0  x  10® Thymic C e lls
GrouD Treatm ent
N o. surv ivors 
N o. in ie c te d
A gglutin in  t ite rs  
of responders*
A** Donor 1 thym ic 
c e l ls  p lus an tig en
3 /5 5 , 7 , 8
B** Donor 2 thym ic 
c e l ls  p lus an tigen
1 / 2 -
c* * * Thymic c e l ls  only 6 /7 -
As A or B, thym ic 
c e lls  h e a t-k il le d
4 /7 -
£**★* A ntigen only 8 /9 -
F PBSA only 5 /7 -
G No trea tm ent 8 / 8 -
*T iters a re  e x p re sse d  a s  log 2 of th e  rec ip ro ca l of th e  h ig h es t serum  
d ilu tion  show ing agg lu tina tion  in  two of th ree  re p lic a te  t i t r a t io n s .
**Each ch ick  rece iv ed  1 .0  x  10® thym ic c e lls  and 2 .0  x  10^ h e a t-  
k ille d  B . abortus c e l l s .
***Each ch ick  rece iv ed  1 .0  x  10® v iab le  thym ic c e l ls  from one of th e  
o ther of th e  two d o n o rs .
****Each ch ick  rece iv ed  2 .0  x  109 h ea t -k ille d  B. abortus c e l ls  in 
PBSA.
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unknown re a so n , th e  sin g le  rec ip ien t in je c te d  w ith  thymic c e lls  from 
donor number 2 d id  not re sp o n d .
In sp ite  of th i s ,  of th e  18 surviv ing  rec ip ie n ts  w hich had 
rece iv ed  1 . 0  x 1 0 ® thym ic c e l ls  and a n tig e n , 16 ch icks had sign ifican t 
lev e ls  of serum agg lu tin in  s ix  days a fte r  tran sfe r had been com pleted.
The re s u lts  ob tained  in  th e  p re sen t in v es tig a tio n  confirm  the 
o b serva tions of P aperm aster e t  a l .  (1958, 1962) th a t sp len ic  ce lls  
a re  cap ab le  of sy n th esiz in g  antibody  in  th e  c e ll  tran sfe r sy s tem .
The fa ilu re  of b u rsa l c e l ls  to  produce antibody in  the  same circum ­
s ta n c e s  can  have se v e ra l m ean ings . P erhaps th e  most obvious ex p lan a ­
tion is  th a t the  bursa  lac k s  com petent c e l l s .  H ow ever, if transferred  
bu rsa l c e lls  were re je c te d  by the  rec ip ie n ts  prior to  an tibody form ation, 
an  erroneous co n c lu sio n  cou ld  e a s ily  be drawn from negative  d a ta .
This problem could  be overcom e by th e  u se  of inbred  donors and 
re c ip ie n ts  or the  tra n s fe r  sy stem  em ployed by Trinka and Riha (1959).
The apparen t fa ilu re  to  em ploy th is  sy stem  su c c e ss fu lly  in  the  p resen t 
in v es tig a tio n  w as due m ainly to  inexperience  on the  part of the experi­
m en te rs . U ndoubtedly w ith tim e , the  sk il ls  requ ired  could be a tta in ed  
and the u se  of th e  system  perfec ted  in  th e  a u th o r 's  labo ra to ry .
The sy n th e s is  of an tibody  by thym ic c e lls  w as a surprising  but 
m ost in te re s tin g  o b se rv a tio n . W hether or not thym ic c e lls  were 
re je c te d  by a hom ograft re a c tio n  rem ains to  be determ ined . The 
g e n e tic  d isp a rity  betw een  donors and re c ip ie n ts  w as obvious from
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th e  sp lenom egaly  w hich developed  in re c ip ie n ts  a f te r  the  in je c tio n  of 
donor c e l l s .  The e ffec t of d e lay in g  the  in jec tio n  of an tig en  on the 
a b ili ty  of tran sfe rred  c e lls  to  sy n th e s iz e  antibody would su g g e s t th a t 
the  bursectom ized  ch ick  is c ap a b le  of re je c tin g  d isp e rse d  g ra f ts .
T his problem could  a lso  be approached  a s  a b o v e . The tran s fe r  of 
thym ic c e lls  in to  a  known n o n -h o s tile  environm ent should  lead  to 
an tibody  form ation . F o rtuna te ly , it w as p o ss ib le  to  ob tain  s ig n ific an t 
agg lu tin in  t i te r s  in  rec ip ien ts  by sim ply in c re as in g  the number of c e lls  
tra n s fe rre d . In sev e ra l tra n s fe r  experim en ts, the t i te r s  in  ce rta in  
re c ip ie n ts  of thym ic c e lls  w ere sim ilar to  th o se  se en  in  rec ip ie n ts  of 
a n  equal num ber of sp len ic  c e l l s . Prelim inary experim en ts to  demon­
s tra te  w hich of th e s e  two o rgans firs t co n ta in s  com petent c e lls  have 
been  u n su c c e s s fu l.
The orig in  of th e se  com peten t thym ic c e lls  rem ains to  be d e te r­
m ined. It is  p o ss ib le  that th e y  are con tam inan ts from o ther lymphoid 
t i s s u e s ,  bu t in  view  of the s c a rc ity  of su ch  t i s s u e s ,  p a rticu la rly  in  
th e  young donor, th is  would seem  u n lik e ly .
P revious a ttem pts to  dem onstra te  c e l ls  w hich are  cap ab le  of 
sy n th esiz in g  an tibody  in the  a v ia n  thym us have e ith e r  fa ile d  (Dent 
and  Good, 1965) or were su c c e s s fu l  on ly  when th e  donors w ere under­
going thym ic in v o lu tio n . In th e  p resen t in v e s tig a tio n , th e  dem onstra - 
s tra tio n  of an tibody  producing c e lls  in  th e  av ian  thym us w as made 
p o ss ib le  by th e  u se  of the  c e l l  tran sfe r sy s te m . The p re sen c e  of
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such  c e lls  in  th e  thym us i s  d ifficu lt to  in te rp re t in  view  of th e  pro­
posed  d is so c ia tio n  of the  immune resp o n se  (Szenberg and W arner,
1962 and C ooper e t a l . , 1965). It is  p o ss ib le  th a t such  c e l ls  a re  
undergoing m aturation in  the  thym us (W arner, 1964), H ow ever, th is  
would not ex p la in  the  e ffe c ts  of bursectom y on an tibody  form ation . 
Perhaps th e se  c e lls  o rig in a te  in  the  thym us under bu rsa l in flu e n ce , 
and seed  periphera l lym phoid organs early  in  l if e .  This would ex p la in  
why an tibody  form ation is  only s lig h tly  su p p re ssed  in  thym ectom ized 
c h ic k s . Enough c e lls  may have m igrated prior to  the  tim e of thym ic 
rem oval. A lso , the  e ffe c t of the  tim e of bursectom y on an tibody  pro­
duction  would be exp la in ab le  if an tibody  producing c e lls  did indeed  
seed  periphera l t is s u e s  e a rly  in  l if e .
T hus, w hile  ev idence  h as been  p resen ted  to  show th a t c e lls  
cap ab le  of sy n th esiz in g  an tibody  a re  p resen t in  th e  av ian  thym us, an  
in d ica tio n  of how th e se  c e l ls  function  and w here th ey  o rig ina te  m ust 
s t i l l  be de te rm ined .
SUMMARY
C e lls  de riv ed  from th e  m ajor lym phoid organs o f norm al hens 
w ere te s te d  for th e ir  a b i l i ty ,  w hen m ixed w ith  h e a t-k il le d  B. a b o r tu s . 
to  form an tibody  in  horm onally  b u rsec to m ized  c h ic k s .
By m eans of th is  p ro ced u re , i t  w as p o ss ib le  to  dem onstra te  a n ti­
body production  by sp le n ic  and thym ic c e l ls  o b ta in ed  from donors 
approx im ate ly  tw o  m onths of a g e . Bursal c e l ls  from the  sam e donor 
did no t produce an tibody  in  th e  rec ip ie n t c h ic k s .
Although th e  immune re sp o n se  in  re c ip ie n ts  of sp le n ic  c e l ls  w as 
c o n s is te n t ,  th e  re sp o n se  in  the  re c ip ie n ts  of thym ic c e l ls  w as v a ria b le . 
A ttem pts to  ex p la in  th is  rev e a le d  the  e x is te n c e  of a p o ss ib le  hom ograft 
re je c tio n  m echanism  in  th e  bu rsec to m ized  ch ick en  and  dem onstrated  
th e  g e n e tic  d isp a r ity  of th e  c h ick en s  u se d  in  the  p re se n t in v e s tig a ­
t io n .
The tra n s fe r  of c e l ls  to  em bryonic re c ip ie n ts  or in  M illipore 
cham bers to  b u rsec to m ized  re c ip ie n ts  w as u n s u c c e s s fu l .  It had been 
hoped th a t th e s e  ch an g es  in  p rocedure  w ould p ro tec t tran sfe rred  thym ic 
c e l ls  from a p o ss ib le  h o s t re je c tio n  m echan ism .
W hen the  num ber of thym ic c e l ls  w as in c re a s e d  5 -fo ld , the  
immune re sp o n se  in  th e  bu rsec to m ized  re c ip ie n t w as c o n s is te n t .
This d em o n stra ted  th a t  th e  num ber of c e l ls  tran s fe rred  w as c r i t ic a l .
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Thymic c e lls  from very  young donors w ere fu lly  a c tiv e  in  th e  
tran s fe r  sy s tem . The p o ss ib le  im portance of the p resen ce  in  the  
young av ian  thym us of an tibody  producing c e lls  or c e lls  having a 
p o ten tia l when m ixed w ith an tig en  to  form an tibody  h as  been 
d is c u s s e d .
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